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(57) mm 

mm^m s 1 © u vftmR^wfl* tin i v^te 

atp (sa) g^«}s^«iK./c'jyft«^^{*5g 
v«7t*^^ry k-^"©» i (D&m&ov yitmm 



t 1xl0"i — 



ixio"— 



M2 0U>«»«» 

(1 OS) 



<1 04) 



(10 2) 



CI 01) 



3 0 «0 90 

*2»y>fcM*4^M»*€>©iias (»tt: nro) 



(2) 

1 

cm&a ii mi nmm&om* (s i ) 

KSR±iciaw-snfc!& i ©£^©Jfi i © 

*H8I»S±«>S I VKT^NSStfcJfetaLfc III- 
$ 2 ©fc£J&<D8S 2 co U yft«*«*«MMI t *W U 

n i © y ^ftw****** tmzcov y\m 
**^tfv s i imn<Dm 2 <o&mm> u > 

[ff*« 2 ] $ 1 cd y >ft««*iHWMIh:»i, ^ftJI 

1 £33180 p ng^S'J ^-ftffl 20 

01*513] mi ©y 

i vttTaRoimisfcx »3tt*©rt«©» i v^tcii 

OB?ji*fc»LT± 3 0 %«F*Ji: LfcCtltmWLt? 
ZMMm 1 SfclJ 2 lc|2«© p nS^S'J ^{fcHieMP 

t-rsss^g 1 7is3©wti35p i J5iae«© p ns^&s 
y yitmm^mw^m^ 30 
[»*s 5 ] m 2 © u yftawRiRimww*, r y k- 
7°©m 2 (DimiB?) y Mtiif^^wifr Lfc 
c tzimttznxm 1 71M4 ©ran^ 1 naciaic© 
P nmsmv yimmm¥mw%ytm?o 

OI*«63 fg2©yy{fcMt&W*Jf£, Hi v$ 

ft»fr6*8Lfcc at-rsas*^ 1 7^4 ©m 
na* 1 rmciafK© p ng#su >ftw*^^?sf*^)t« 

hm»b 7 ] a 2 O U >{tHigfc¥i!*fl*fc H\ 40 
t^PLfctlpI-ScoHl VKTcfcateSnT^-Bcfc 
^Wat-r^Hl^S 1 7J£6©fattfr 1 rfffcSafc© p n 

Dft&s s 3 in 2 © y y<tn t n*» 

1 v#tftii©f^Tia$\ 5iftJl©ftg|5©3l 1 vMizm 

<Dm?mmcitfLT±3o%i:AfttLrc£t*ftWLt? 
1 /is 7 ©fan* i imaem© p n m^m u > 

^•^nsm I VK7t**Slg (S i ) tLft, 50 
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say vfbn**^js*ftayfijP5?. 
m>m 1 03 us 1 ©y yimm&^mwmic^znz 

iBfiWT fc L fc c £4# a i: f 3 W*3S 4 1 e«o p n 

mmurF tbtcct mmt-rm^m 9 (cta«© P n 

[Il^rBi 23 MOCVDStiO, pl®'jyftll 

3S¥Slf*M* 1 0 0 0-1 2 0 0 °C©atT% S fc nS 

© y >ftw*3R^wft** 7 5 0-9 5 0 °c©sa-e» 
i^-r^ c t%<®mttzm$im mmi 1 tsatsc© P n 
mGMv y{mm*¥mbmm&<Dmmxm a 

[00013 

ffitt y yimm&¥mtem?zm&-?zrcib(Difcmc 
[0 0023 

[$*©8ffi3 ei^oT, I I I-VHt&Wi 
{*©-atLT, 'jyftM* (BP) wmnx^z (N 
ature, 179, No. 4 5 69 (1957), 1 

0 7 5H#M) . Hit, Vyitmm (BP) (iHSl^ 

«hj (i 9 9 5$3^3oh, (*) tsmmmm 
us) , 2 8H#M) , 4 £ »ft5fiJW?oK)t«%^ia , r 

$*©y >ft«*3R¥WMI*«*T«:*U>fl:ll 
HS3RiNlftlUtt^*-F (LED) T'fct U >ft« 

^©y>ft«^^»ttsa, totfe, ^rim@a 

•TStffll/^nTV^* (*H#ffF6, 0 6 9, 02 15§ 
»M) . Sfc, •f^tf-H (LD) 714, Mx. 
if, *-5>y^ (Oh mi c) *1l^iait§fci6©3y 
(contact) M£LX$lRt£tlX^& (# 
P^ 1 ! 2 2-288388 ^$fi#8B.) o 

[0 0 0 3] ^ift^i^iaot, %)tS 

mitUVVJ* ' Jyy*7L± (G a* I nm N : 0^X^ 

1 ) *»6<B««nTI/^* 5 5 - 3 8 3 4 
IWH) o ( S i ) , ?)V?=.VK (Ge)| 

©7t^Mffi#atffl«sn-5^ i v«7c«^gcSt^o 

LftGiiIn H N (0^X^ 1 ) frt>%1£M*mi&? 



(3) 

3 

&©jWHHfc&-3T^S (#M¥6-2 6 0 6 8 0^ 

o % I VKtS^© K-lfvy (doping) 
ICfctK ffi^3Sfi©&Jfc*fcfc£>-f G ai I n.-x N (0 

^x^d «)ttM*ii«T»#ak«n*ft»6T*« (b 
*a#^2 5 6 0 9 e 3§m#d o vm&m. 

•» F) !W^M?ti2 p nS£S©2SHfi ( d o 
uble heteroiDH) 8ifi£:-r3©tfiI#T- 
fcS WM¥6 - 2 6 0 2 8 3 WAMWOd » 10 
[0 00 4] fl£*fc:S^T, p R5© 'J >ffci»£¥^{* 

g) ^ffisa (Zn) H^astritatT (K-t°y^L 

T) HS©*^frP*S C0#ffi i P2 - 2 7 5 6 8 2 

©ffiffl¥ 2 -2 8 8 3 7 1 WAn, ®#W¥2 - 2 
8 8 3 8 8 *§£$g s 1 0-2 4 2 5 1 4^ 

IS, 1 0- 2 4 2 5 1 5*§&fSL &tf©#^¥ 

10-242567 ^$g#!S) „ Sfc, n j£©'J Vffc 
«&¥«{*Sf3:Iilt (Si) I Vj&Ttlt© F— 

t?vy£ttt>f#S©tf}l?!rfcft^TV.5 (0IJ*fcf> ±fB 20 
©t#ffl¥2 - 2 8 8 3 8 8 3£ffi#JR) . £©$&££* 

efflswc**, P n m£mmumo&K&%&? p& 

fc, n j^HiSK« F- \L y VLtc n 0 U 

0 1 - 1 5 8 2 8 2 o 

[0005] m i vmftmx&zmm (s i ) 

ti, UMM^^«f*tcWLT, {fi© I I l-VMlt 
h o t e r i c impurity) i: LTffl < £ Jlfif 

SftTi^S (iff £Pf, r^ttSffi (±) j (1 

992^6/1250, (it) *«*^ffi)Sd38ff 9 

mzmw., «r-t* c £ t> nff^/tii P «©¥«<* 

(±) , 7 6~7 7H#BS) . 7>F-7°©y MtfjiR 

1 miX(o^mimwi 100* c 1 1 n j (mas 7 * 

413 10, OK) *-2»tt58fr, r*3H«6x u » h p 

[0 0 0 6] 

2ft>3\ S&Sfi®©^!^ (dopant) £ F-tf 
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T, t> 3* K < > h L T 11 ^ S fc ii p 0© 

IgJf ^LTfOfflLT, fifH^tf, pnS££!<DDH«jfi© 

i wm7tm^Tyv~f(D v yimm&^mwm&m^ 

[0 0 0 7] mZ.il. %lV&7&Mi*mst.L'C\t- 

MyfLxr^^mwm^^mb-r^ P ni&iDH 

)STt^7y K-^©'J >{ttBs*&¥»flflK0£ I v 
•T*'NrP»-&ll!Jfi©58itt»©fll«*JI^*fe©t?* 

So 

[0 0 0 8] 

c 1 ) mi (si) #*s H H H ^?.4sas 

M»s±t^^eti/cs 1 (DBmmco^ 1 ©u yft 

Ie^©^ 2 0 >j y{mm%¥mfom j:*tu s 1 © 
yftiasiR^wftMfcaiMia 2 © v y<mm%¥ 

UttimfiSpng^NfD (US) 

ADg 1 ©g^ff^© U >fl:«l*jfiiNlft*» SSfig m 2 

© 'J >"fb«^*^ttli«m i v«7c**#ty, W, i © 

( 2 ) |g 1 © 'J >ft«^ W*S t ti . 

nst©^iw]-ffl©m i v^^#$nrv^ci:% 
wmi:^s±is ( i ) {cis«©p ng^iv yimm% 

( 3) mi ©y Mt«i*^¥#f*gt#$n-sm i v« 



5 

mmcMLT± 3 o %&nt btzc t*mm£?%±xz 

( 1 ) Ztzlt ( 2 ) Ie!2*c© P nSteSP; >{ti»t&¥ 

(4 .) mi © y >ft«K* iNMMatfssjtflifc^s n 

3351 VKSH£i§lfl (S i ) fcb;fccfc*<l#»i:fa 

±13 ( i ) nm ( 3 ) emtifr i jgictati© p ng-s-s 

(5) »2©u>ftw*3fi*iKMi^ 7yv-f<Dm 
®mt-?&±m a) nm u) emtio* i «tE«© 

(6) fg2©y>{fc«&^»{*Jl£, HIV Sot** 
6#fe8l/fc2i2:*W«fc-r«±E (1) TiS (4) ©M 

n*» i miasm® P n jg^sy ^itiii^iti 

(7) *2©U>fl:«i**¥*#JI»i:tt, %)»» 

tt&±.m ( 1 ) TiM (6) ©ftftfr 1 «tE«© p n 

(8) »2©yvfc«l*3&^fMfc:d*n*Sl van 

ftsic w lt ± 3 o £ l c t mm t?z±m 

( 1 ) TIM ( 7 ) ©fin** 1 JSfcEH© p n >J y 
( 9 ) m 2 © U ^{tlBR*i|£»ftMatf58iWk:^Sn 

sm v£7E**3iR cs i ) i:t/c, c^^mt-r 
3±se c i ) TiM ( 8 ) ©fin*^ i micmmcD p ni& 

tL/cCt^mi:-rs±ia (4) fcIE«©pn«-&S! 

tUc> C££1fifc£T3±I2 (9) Ici3*©pn8£ 

(12) MOCVDSlCfcO, pS©U 
WIfcl 0 0 0-1 2 00°C©aa?\ SfcnS©'J> 
{t«m¥£ftJI£ 7 5 0-9 5 0°C©SSTffMt-S 

c££#$!£-f 3±ie ( i ) nm < 1 1 ) (cib*© p n 

■5 c, 

[0 0 0 9] 

T, St5t{±, {10 0} , {110}, tft'tt {1 1 

i; &M,ffi*igmt?& {loo}-, {iio}-, 
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U 1 1} -JiJR (S i) *Bft*5ftlMT»*a. 

{111} ISiaffiiJ:»)ftSfcLT»a, ffiULtz 

faghmzmm t?& mmmzM, uhe t raws t * 

So (diamond) tSJUffifil! 

©SfPMS.II© {ill} ISHffitii, {loo! ^1, 

5o ccDtcib, inn -s i ii^hII ±b©u> 

(P) JS^tfS i¥*S B s Bat6©P*3^-\flA£/c{i;JlA^t- 

io s©*RF±"rstcws(ffts«i:ftSo a^wsn©^ 
Bit, r\&£rciipB<D®tix*$>m&%i<\ 
mmms&vimBz. *mnTitm i ©etwBtE* 

fciEft, Mn^©«tt©*-5*yf (Ohmi c) 14* 
ffi%«B5*1Si;Lrl!dfi-et, M!ic%)£lft?£#Nc-f 
§ic$4T*5o St^%15U*-A (mm 

(fitA#) <Dmn&&%iikmmt, m^mE. (mm. 

Vf) ©fgV^LED^tfc^-ricMUK-r^o Sfc, ssc» 

[ooio] sn#gsssgffi±t«M-r«s i ©u 
>fl:WI9R{fc^«iNMMItt, WR (B) fcyy (P) 
t%M&7im£LT%tsmz.li, B, Al„ Ga, In 

.-.-/.-, P .- i A s j (0<oil, 0 S )S < 1 , 0 
^y<K 0<a + /? + y^l, 0^ 8 < \ ) frZMfc 
t%>» %.tCs W*.\£s B. Ah Ga, I ni- . ■( •, 
Pi- « N« ( 0 < a ^ K 0 ^ /3 < 1 , 0 ^ y < 1 , 0 

< a + 0 + y ^ K 0 ^ 5 < 1 ) *^^fiKt?tS. S 1 

jasL-riatfa^mwMrp**,, s/t, ^©^i©y> 
imm%¥mfom<D{mBits mm&tmmmmik® 

{111} -S i JtM@AS4R-h(cfi % MKa© P ff$yy 

[o o 1 1] £ i ©y yimmmt&ti^mfomm 

(c, i§H ( B ) ©IM (= a ) RW) y ( P ) ©ffifiSc 
(=1-6) %Hnt0. 5 (=5 0%) W±fcf*« 
40 jRRtfyV'S^fcUTdtfffll^tf, B. Ah Ga, 
I ni- ■ - » -i P i- j Asi (0. 5SaS 1 , 0^11 

< 0 . 5, 0^y<0. 5, 0. 5<a+£ + y^h 
0 ^ 5 < 0 . 5) , S/ilJB. Ah Ga, In.-. 

, - , Pi- s Ni ( 0 . 5 ^ a ^ h 0 ^ 0 < 0 . 5 , 
0^y<0. 5, 0. 5<a + /?+y^l, 0^6 < 
0. 5) j^6ffiBfc*«T?**. « (B) fttfyy 
(P) ©$M*#^, o. 5Jj(±4:^r*iaRfcU^fc* 

50 m i 2 ©e^©#«tt© y yftw^^^f* 
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©ii#s©y >{mm%¥mftM*&m-v2zrzi!>. m 

[0 0 12] aSRoSJMM&flklRMDg i 

*rr*» i ©y vftaasiMNifM*, % i vase** 
ntsry Y-ymi*t>m&ft%> k— tf 

i v«7yii©m i © y ^fcABRSiimftPfi^ofix, 

Sf*<fcHttfti\, m i ?>im&<D%i i ©y 

*m*fl*fc£WStf<58 I V«7C*fcl4, J** (C) , 
mm (S i ) , y - ;l/V-<>A CG e) v |(Sn)f* 

(O <s i ) », y >ftii*S¥#ftS^© i 

tffii-e**. sfcwc mi ©y>ft«3S¥«{*s 

i v«7aRtn-i:-rn^ i§«omi vateaRoa 
i ©y yitmm^mm^mx, umzmitzic 

£#t?m i ©y y{fcfflj^^^^fts±icj^* K-^«it 

[0 0 13] (C) ^H* (S i ) *#tf£ 1 <DB 

mmm i ©y vfk«BR3^w*JB«, cn?.©m i v 

m*%*&m i <ov vitmam^mttMa. mm 
wsjisasisfc-r* c fc-effiffitftsnso 7 5 o °c~ 

12 0 0 °C©iSS, 8 5 0 °CW±1? 12 0 0 °CJ-X 

zffl&LTcmmtjVffmsicm i ©y yftn^s^f*® 

©F^tdMATS c k k&tK HsRfc^trH 1 © 'J >ft 

*^jw*M*j«ai-r*t*fe»), (o *^tresB 

Kfunction group), WftCilliltt^V ^ 

«MH*{t^»*ii^ (B) mt-rtus. tmzt&irz 
W, 1 ©'J >{tll*^»ft«*IBSk:0jS-e**o fiP 
■6, (CHi) , by^f-MJtlt ( (C 

h 3 > 3 As) , eugftKit (cc h) ^raftft^jft 
( c b n ) mvmm^it^Mzmmo f-a> h t 

LTS«*Tffl^a< k&, ffilAtf, HJ ^jHBUR 
( (CHs) >B) hUX^HBlS ( (CzHs) .B) 
*©7;l/^ (alky 1) ffl*ft^tl©^i?tHf) 

»*-r*jasR*spjffl-rntf, sn£#&m i ©y vfta 
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W±t«& (M 0 c V DS) *©fi»Bj«fi¥S:t <fc 0 ffiM 

[ooh] u <D&m&<Dm i © y 
■£#£■£■58* (s s ) ti^ttgjR (C) ^?©mi v 

u\, m i ©y xt«^ w*»ft©m i v«7t*© 
io a^aww, ^/i© ; en©^2fg^Mx.?»i«risk^ 
st, m i © y yftw^^ ^7ts-\©m i 

©^I VSlTclROB^jMECWO. 5{g*iii©fgrJiatc 
m i vR7t*^#ts-m i ©y ^ft«^^ftiit?{±> 
mij;^ i ©y >flai**i(s«M*:»<orta^ift^T 

©mi V«e7C*®«;*jWi^ri:^-r*, C©fci6, 

^ii^g[5©m i vKToRoKfiiatf^u K?sa© 
^Mtfcwt«^§£« 0 m i ©y vwmm 
20 ^»{*s^©m i vMTcmcD&tivmTmmt trmic 
tfm&coiis ^ytmpwm i vn^rnvm^mmtm® 

stew lt± 3 o %(Dmmmc&2>m^m&-?&2>o % 
mat y yitmm&^mwntcDW, i vs^©^??i 

a©MKftMM?&£tS£\ ^©«gfi©gicfaHLT 

i v«7ciR<oiasie»ttJ:»)Jww«nf#*o 
ft&fim©^, m i ©y >ftw*s^»f*M©m i v 

x°&z>o m i ©y >-ffcWR3fi*wfl«©rtaj©a i ym 

30 TaROJR^JMEti, »JM«»^i:RI«Ii:, 2 
%M*yVM.ftV\ (S IMS) , *-S?x (Auge 
r ) VP#ft##Tffi#©##M£fOT LT^«T# 

8, 

[0015] *aw©ji3©iia0g»©-#fti:UT, 
i5ijK.if, m i v«7c*k ( s i ) *^t?s i © 
yy{tw^w*gtfeoT, iSMfia^siiLT, 
/f^©a*®??s*^^)i©^n^a*tcLT±3 o 
«ffl(*±»f6n*c «aa, a** 

kf*c i:*^#S 0 W*tf, $flSSa©i 0 5 0°C(c 

ffjjstifcp^ inn -s imm^sm±iat, m 
mm^m&z®4x 1 o" levcm" k-rsr^K- 
7 s © pff^y >ft«as ( b p ) jfjw&a-rs c 
5 0 jERffias^i 2 o oTc^a^siaioik-rsk, as 

f44St%Wfi(D B 6 P B ii P i ^©^»{*© 'J >ftffl 

1 ©y >'ft:lllR**WMII'Jk:U >{fc**^«#^584 
f Sk, IS B a B ^©tS)StcS^{cHD^LfcS^^iJ:|g 

so s^rs%^ l Tii^*i3nafi<t o ©am©«F^^©f« 
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mrcM&, cvmKm&BMfrz&zMmmit, mm 
m&mmtm i © y t tots? 5 x 

?mmtmm^t%o u^x. wn<Dv>{tmm io 

mm%m&gimmcfc&. m i ©y y<tmm**m» 

?mmt. mmMvmmzmBLTtmmzz,, mm 
i ©y >{t«&¥*?f*jf tfcoT, s ft©a 

3R©lg?»a{i, W*©rS?L (vacancy) £fiJ6 

^vv cp) «^ BK^tty>©s?L*i5wrs«* 
(B) &T<Dm&*mt-rz<Dtfimvji>&o c<nwm 20 

*H*fcLT»<i:S*.Hfe, 7yF-m^T\ nJ^S 
fcttp»©35Kr©e«gO¥»ftJI*lHIffitff SC fctf 

a** y y<mmm*m#.(D&tiLmmmT*zz>o 
[00 1 7] si vMiimti-cmm co £#ti*si 
©y yft«m^f*«tfeoTt, RinoRjRje^x 
as, «isias©WB»c«c»)MW-e*So i$m : m. hp 
■^s a*¥^B B H a«©M#?as^^?g^-r^s, s fi© 
mmm^m&zism&t-rzcttf-ezzo l^l, a 
Kffig* 1 2 0 oic*«*.a*sm sisf^Me 30 
©BiP^itBi. p i ^©^af*© y yfbnjRBA^ 

£#Sfc^|fl££:ftSo Sfc, £l©U>{fc!l*S¥* 
f*B^©K^?SSa, MSI (B) igfcS±ffi©W<$« 

s 1 ©y yfbmRjR^mMMitaBoT, s^©k*©is 

^aiSti. 5fH©£?l (vacancy) U > 

<:p) m=?* m^nvycomi^^-r^mm cb) 0 
?©«**$§ t-r*©jW87iif**o c©rsa©M#^ 40 

a, «v^i«m^?L%fii6ay>K?©?ia(±#^, as 
m-mm (b-b) *s^©«a> Bg^i±u^-y> cp 

-P) m&DW&tLXvW (Raman) ^Jtffi, 
eaKmttH CNMR) S*©#Sfc«t)»HlllT#&o 
[0 0 18] *%W©S l ©HSBBIBfe:**)* III- 

*A • -iy'J^L. (Gail n.-x N : 0rSX;£ 1 .) 50 
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ffcy yfbtf y w (caN H p Y : o ^ 1 > ts© i 

IS I Vi^iS^SSdllC^n (doping) Lfc I I I 
DsafBft^NMMIiKJttH t LT»®fc:fiJfflT?£So 5g 

(o m^m^t^* nicmmn, i&^mi vnam 

-Qh&ffr-l-^K (Gel Jfffl (Sn) fe:Jt«LT» 

««©^»^ffl5»u»^±ii:, mm co ©»^tj±« 
Sn ^s©rtgp©^i vajjfc^©»ji«:»a{iiafe, 

1 x 1 o" SHV'cm 3 ~l x l 0 15 m?/cmTM> 
S,, tflC, &m&S35 XIO" flf?/ c m 3 ~^7 X 1 
0 1S Eii' c m T&S 1 X 1 0" cm £jg;L 

sisiclgi V«^3S*K-fc^Lfc8)t*T?H\ ISA 

So S2©ew»©^B©ii^ $ i 1 
© y >ft«^*w*a t ©s#ic <t co , *-^fa 

(single h e t e r o : S H ) ft^S p n 

m? 2 ©£?£jej©§i 2 © y >ft«s^w*B^g 
^s-arTKtt*«wjfcftitf, tw,z ©y vftw 

^m^f*Jifc©p ng^iMttf^^fP ( d 
ouble hetero: HBS^D H) «ii©%3t3P 
fcHSg-? t S o ^fgBi,©!^ 4 ©H8B5«©HW t Lt, 
m 1 ©y Mtiffl^W*H^a*^#^r > K— 7"© 
'J>fc«- ^fy^A (BxGa.-x P : 0. 5^X^ 
1) B£U ^R*F-VfV^LT, ^^©Jg^ria^ 

2 x 1 o" gf/cm' t LfcSft'J >{£#V ( G 
aNi-Y Pv : OrSY^l) frt>%KS*mi&?Z&£Z 

±(fe»ns„ 

[0 0 19] ¥-»?#P^5t (SQW) $ 

fciz£nm?#pm& (mqw> ^s#j«t?#So 

'J 7 (carrier) ©F ( tunnel) % 

SfcfOTf S^FttPflliSlC&oTfJ, #F (we 1 
1 ) m^WZm^BM (barrier) 

«fi)c-r s o ii^tt©^ s 6 «DS ? ns 

«?ftF«ji©H^Ji{i, ^SI«WIc^46, « (B) 

tvy (P) fc«*tf«w*rtafc:«ais-a:T*i^jE8 
sr^fcgffl lt, mMW&s&fiLtuiim l ^ y xtra 

JS^rtig^c"/ > ^igtcf^* L/c ^^AW^SS UTS 

[0020] (gg^A fc-riS3tt*ai«fr»5S)w*, s 

g^A ftZfflcHL, 3 0%J-X±©S*f^#-TSB 

9<oss i ©y yimmm¥mwm±icmfzmsM&t 
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£&3„ fe6£4 2 OnmJ:t4t*K*»r 

If^3 0 0 nmJ:tai®V>« 

fl**ar, SfiA (ifinn ; 4 2 o^a 

^4 9 0) ©%ftfc, *nfcWL3 0%Jet±©K«** 
^*5nS8l 1 ©U >ffc«|jK*¥$W*S©»JS Wffi : 
nm) t<omiclt, 20E©flWR£ (1) ©BMfcWfc*. 10 
A = 0 . 1 35 • d+3 8 0 ••• H^S ( 1 ) 

[0021] *aw©»5OHS(0aifcSH>Ttt, ±tB 

(omm±ic»ifim2 <o&»&<o% 2 © u Mams 

■«3R*3MMI©»&fcWi;<, B, Ah G 

a, I n 1- . o - » Pi- i Ass ( 0 < a ^ K 0^/3 
< K 0 ^ y < K 0<a+/? + y^K 0 S < 1 ) 
ft^filfilttS. B. A 1 , G a, I m- 

, - »- , Pi-i Ni (0<o^l, 0^jJ<l, 0^y 20 
<1, 0<a+/?+y^K Q^8<\) frt>m$.m 

t\ mm>m i ©V yitmm^mwmicM^Lxmif 
sssft-raiisjwsiiatfs 1 

O'JVfKWRJR^mftMfcttiffifcf-Bo M*.if, P«© 
{ l l l } - S i JtMgJI&tf p J£©3! 1 © U yftf«& 

[0 0 2 2] tffc, IB* (B) ©fifiSc (=a) Rtfyy 
( P ) ©$M ( = 1 - S ) *Mnt 0 . 5 (=50 %) 

A 1 t G a v I m- . •> - , Fi- i Asi ( 0 . 5 a 
5= 1 , 0^£<0. 5, 0^y<0. 5, 0. 5<a + 
jS + y^K 0^<5<0. 5) , SfcliB. A 1 * Ga 
, I n .- « - s - , P i- i N i ( 0 . 5 ^ a ^ K 0 ^ /? 
< 0 . 5, 0 ^ y < 0 . 5, 0. 5<a + j? + y^K 

o^,s<o. 5) j^6J9Titoip!«t?**o vyitmm 40 
(b) (P) tz3Lfomcstsvyimm%*m 

(= F-tf^y) Hir-f ttS2©felWg©ll«14©y > 

> F-y-efg 2 ©e?s^© y yitmm&¥mfcM*ffim 
[0023] ^-mm^wt^ K-ev^»ff*@ 

*7>K-7«fr5*fi!i-f£Cfck:{i, « (B) 

»U> (P) ©3?LU:M#f S Ff— (donor)* 50 
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fcfi7?-b:/2 (acceptor) $^©*S*fW&rg 

mm*?mir& c 1 t ± $ , gst*^** u 7sa 

F-^TS^Tt, ++y 7ria(CLT1^5 X 1 o" ; c 

Cc«f2 0 *fc> ry F-7°T-fen(i\ 151x10 

*3Ri|sllW*:M*llllfik:«We#*. 0Rl£> ffitsf (S) 
SSV^tt-feUy (S e ) *©$V I«7CjR©n^pW!ft* 
%Mlc F-tfy?'L/c£C3T\ ±ie©7y K-y©if 

3 0 Sfc, SI I0l7c)RO£fB (Zn) , *K59i» 
(Cd) ^©« (B) fcfl:ato*J&jSU*v*pj^lG 
^tt*^*lc K-tJi/^LfctJlST?, ±IB©«^IE?L 

s 6 a ^±fc , a*ta«cs©^jiic* 5 ¥*ftv*fflus 
sn*«)»?*«. hp*.^ nff^/c(i P ff$©f5jn©e* 

mtmw t a v >7 y f - 7#Stett s © *<f§«Tf s „ 
[0024] 7y F— :/© yftij*^^^s©e» 

fi!cllfflS^»bTfiMT^-5 0 nfl5©7yF- 

yimm&¥mfomzmz\cm-rzi$mumit, ± 

7 5 0°C~9 5 CCTfe^., -7?, 7yF-7 P ©p 

u >"fta*3R#H»»**»s (cai-r « ^100 

0 °C~*tJ 1 2 0 0 "CTfeSo 15 1 0 2 5 "CHft 1 

1 0 o°c©i5H^)i-efe5, *5i ooo°c^SK.sa 

-BihmZMghmRmtfZM^ (twinning) 
^^•ti'^Mfr© 'J yitMM (boron monoph 
osphide) Mit. £ 1 Sfcti^2 ©U XtW^S 

JRAU, ^J^ti%)t®i:©^?©5X5'y h (m i s f 

i t) sff*«siLTttiftftk:«n«y>fk«ai*^im(* 

§11 (B) H©£I I I «©fl!«7CjR©^©JiSt 

wr*» 'J> (P) *©sv«wb87cjR©#tr©i«a© 

J±*, Pirfi, V/I I I Jt3*fee«BK©iWWfclB»«^- 

tmt-?z>n. ry F-^©n^u y\mm^mwm 

[0 0 2 5] *%BJ3©£6©HSg^tS*V>Ta, S2 

So n 2 © u MfcmR^iiftJitt, s i © y yimm 
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*) , m 2 © u yitmmm^mitm^m i v marnvm 
B&%¥-®t%z a mu?&% \ wMjimiai, mm 

(C) , mm (S i) , ^l/V^A (Ge) , a (S 

(CH4) , hvtf-frvy ( (CHs) 3 p) ^raftft 

Kit < CB r,) ^©Kig#M:£%#W*-e*S„ 3 
*©K-tJ>yait{±, (S iH.) ^yy^y 

(S i 2 H 6 ) ^©S^#W^f**0!I^17*S o 

[0026] nmrzitpm^mvszmnL&<tt>, 

ry K-7ttfl&T? Hfc, ±3a©io< ©S*+ y rmm 
mmmm^^nxh^rzib, &tm-e&, m 1 vwffiM* 
m 2 © y y{mmm¥m{tM<D&mmmw?2> urn? 

/cm 2 © y y{mm&*mwmtimmn% ©*-?& 

So 

[0 0 2 7] #58ljlf ©g 7 ©ffflWBJBtt^ ^2(D'J > 

{fcMI&¥?$ftJIfc-^3:nsm I V*7c*i:f8iWfc8 

ta-rsmi vappwiftfc^ra-fc-ra. aft* ^2© 

U >{t«&¥«f*/ltlc#ft£-tfsm I VJJSTtJRfcH 
SSftfcflWITSSo SLT^ iiiuJIWtsm I v« 

^©jB?«#&i«PW4:-rftjf, mi vktejr©^ 
11^6^2 ©y:/ftwi&w*l^©m m 
2 oy >ft«iiisifiii^^Mj^6aiM^©a«©»w* 

OTJiT S lc ± D ft*. SSJWfttfm 2 © 'J 

yimmm^mfomm, i vs^i*©®?* 

s» m i v^ift©igm*©£fr€s^£»pji, fe 

ojb 1 v9OT«©jR^»are»*o migL<iim2© 
y y{mm&¥mfoig<Dm i v«^js<ois^«a*^3t 

©y>{t«£¥^f*lff*l©m I vaeTtSROJR^jiJt* 
fgftjf ©«!&«*£»*£ LT± 3 0 

tufi-rsoft'asi/if^ Micti, w,\~Btx$w,2<r>vy 
©*n»c£»s-ea©*v mi v«OT*<o*BSifift*ai 
£i_&s„ 

[0 0 2 8] Sfc, PfiiWfcS2 0y>{fc«l*JMMW* 
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«fc©ra«m 1 vse7c*©jg?»a<ogs*^?*s 
& t m 2 © y yftai*^*w*ii t ©w©» 1 

m^wfoscomivMfcmcDm^mmt, mm<&& 

%JttM©Sl V«7t:*©?SaicWLT±3 0 

%©KHfc**iK : ?iia"e«*©*'as u\> *^© 

m8©Hffiff^©^JtLT, gJPMmMfc*3x 1 0 
10 £ 3 x l 0 13 IBV c m s fcifflffi Lfc n J£© 'J >ftiBH 

m2©yyft«*^^f*ii©rt3i3, « 
a, ajttn^ 6» 2 © y xtusR^tufWi^©®; i v 

¥#ftMfr£«$-rSCi:fc:<fct), 5§^S©±T7?[Rlfr 

20 e»m 1 Rtsm 2 ©y yftawRj&iwwMi'som 1 vstc 
*©js»*ftj#j"r s t «fc 0 a&fta^s n s u 
[0029] *%p^©m 9 ©usi^t? (±> m 2 © y > 

mzmm cs d ^ts, s*{imi v«7r:«©^T-t 
Mtt«tt©7c*"e*»), WAtf, m2©yyft§K3^ 

mc, ^miDmmtDm^mttmmt lt± 3 0 %w 
rttjea^fc-rssjRS^Jificsz ©y yftaBR* 

^^^©SifiJH^&f^^U 

O'" M?/cm J t«nfCa.InH N (O^XS 
1) %mt, itg?Ig^5X 1 0 lf Jg-f. 'cm 

5 ^-rsm 1 m 2 © y xbu* ( bp) mt ©^r 
[0030] ^KDmm^^tLtzm^s m 

1 © 'J Mtf»£ iNWMIttWAtf , 7 y v~fT P « 

© 'J (BP) * * 0 7 > F— "/© 

pi'jyftil (BP) T^-by^fig^hLTi) 

s„ i^ot, micu^fM^^ftw^^-rryF 
-•/©p^y >{t«* (BP) St, ±tE©a< 1 o' 3 
c m 3 ~ 1 0 19 c m " 3 ^mm^mmxmmm^^ 
z*trc£c?>-c\ ryv-fp&v yitmm (bp) a 

©IE?L (ho 1 e) rlfi'&^LT« / >^-li:S( ( :_gP»f\ 
]&£L, W, 1 ©'J >fcffl*^^f*ll^^Jx.(i\ ^> F 

-^©nff^y yft« (bp) 3^6*j«-r*»&»c:*o 

Tfc, TVK-^OnlBPItii, MZ.IH 0" cm 
50 •* ~1 0 13 cm" 3 *»©»*©aj(5JR?*ft2ffili*± 
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5Lfc*«© K"f-*^t«SC»k:fffl| (compe 
n s a t e) % 1 ©'J >ftiIiPI&¥*i{*»©fc 

«W&tin nSo SWc, *5gBJ§©3?l 0©HSS 

ikrsm 2 © y >ft«**4MW*ji*#i«-r * 0 ens© 

©#•£&«„ »)WtJfr*«l?ttf, il(clad) 

*38HJ3©£f an < s r y k-7© y ^{tii^s^wfta 

So 

[0 0 31] 

[flUB3 ewg*ffi»r*» i sob 2 © >j >fl:«iefi 
ssAo (K-if>y) snfcsi v«7c*©igi 5.^112 

[o o 3 2] $ i Rtfg2 ©y yft«^^f*)it^ 
tifctfss i Rtfs 2 © y y{tmm&*mfos<DfcmB 

[0 0 3 3] 

[HBSffl] (H l Xffiffil) JciE*©!? l ©fc*B 
U yftfiW^Wtt® t p Jfc©£ 2 © U yffcWRJR^H* 

[0 0 3 4] W, 1 SSfi&flJfcflifcS L E d i BcD&mm 

[0 0 3 5] LED 1 Bfflii©a»«3gf*l Afi, (1 

i i) ti&iBalilBBtt&rytty (Sb) F-7"© 
nJ&S i#fSH£S«l 0 1 tLXfcflLLtzo J££ 1 0 
l±fcH\ h'Jxf;m ( (CzHs) , B) /'*X7 
Y> (PH») /** (Hz) ^fi?EMOCVDffit<t 
!), 3 5 0 °CT:\ a s - g r o w n ttSS?#llit%±{* 

t-rs u xkflWR^ ^ as ISM i o 2 zmmistco m 

*1102 ©J»?f± 5 n mi: LfCo 
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[0036] «f i o 2 ©»&iscr mm 1 

0 i ©aa* i o 5 o°cic±m#tc,. ±ts© 

MO C V D«fflj«S^a*f!lffl lt> lira 1 0 2 ©g 
ffi±t, 7yF-7©niiJyftlI (BP) Jfft»6ft 
S»S##<J3 3 0nmmilCiJ>fl:Il^i* 

iio3 ^asLfco $ i (Dimm (*m i ftssw-c 

«, njg) ©g 1 ©U >ffcfifg^¥#{*)l 1 0 3 ©JSH 
£f?7L/cf£fc, 1 0 5 0°Ct^i/>T, *X7Y> (P 
HO fcfcjR (Hz) t^jl^Lfc^H^-plilJf*] 0 

io ^Ktcao^jf lt, @£$&ji£&i o i frsjaRL 
T*sa*^^©m i ©y yimmm^mfcm 103© 

«ftt ( s ims) s si© y yft:ii^m*^f*H 

1 0 3©rtSI3©a*Jg??ga{i^4 X 1 0 18 cm" 

M^nfco $ 1 ©y yitmmm^mitm 1 0 3©++ y 

7rlJg^8 X 1 0' 8 cm" f^ofc, Sfc, si©y 

y<mm%t*mfcm 1 0 3 #&-rt«{*©B pmomu 
vommmit, mm* (i?) tras^s u > t©a 

lit (=2 • 7j • <c) ©^x^;l/^-ft#1±^5», n 

20 3 . 0 e Vi5f<i6P>nfCo 

[0 0 3 7] s 1 © 'J ^fbffl^^*«{*S 1 0 3 ±lc 
f±, h'J Xf-fl'tfV >7A ( CCHs) iGa) /hV*? 
)l'yy"VL ( (CHj) 3 I n) /7>*~7 N 
H») /'Hz^EMOC VD&tCcfcf) , 8 5 0*CfcSH> 
T, nfr;©iWJ7A^»*7A (Ga» i( In 
0.06 N) *»5ft«5fi6il 0 4*«Jitfco ffiMl 0 
4©ffilft(i, vi/^-y (S i H 1 -7m (Hz) 
JR^^*ffiMLT, (S i) *K-tr>^L/fc 0 
1 0 4 ^\©g^© K— tf^yMfi, |Wf® 1 0 4 F*3 

30 <Dmmm?m&tf$l5x l 0' s cm 3 t&5®lC®feL 
/Co ^/i 1 0 4 ©SJSii 5 0 n m t L7c„ 
[0 0 3 8] f&tM 1 0 4©Sffi±{C{j;, m2<DBmm 
T°&2>pB<DVyitmm (BP) ^64*S2©U>fl: 
«^W*ill 0 ^2©fe«ff^ (*S 

1 h»jt-« , P ff^> ©n 2 © y >fbHjR%#mfMi 1 
0 5t±> S2©u^ftwR3Ri|s«**©*^fcrai; (c 

2 H s ) 3 B/PHz /HzS^EMOC VDJStit), 8 

5 o °c-?$8g Lfc„ m 2 © y >ftii^m^»ftS 1 0 5 

©jSaWffcti, [Hi® 1 0 5 p«Jt«e (residua 
40 I) LTlf^*SR©JR?M*««W2X 1 0" cm" 
S©fc**, #H-©SsgH?»J8^4 xio" cm" 8 

K-ev^tfco H2©y y{tmm%¥Wi*m 105© 

*irUr«*«|?Il x 1 Q 19 cm" 8 tLlt. MBit. W, 
ICDVyimm^mWmi 0 3traU<*U3 3 0 nm 

t tfco S2©y yimm*¥mfom 1 0 5 1 . s 1 © 
y >ft«^^fr)i 1 0 3 tmmic mu-v(om±^ 
m*®3. 0 e vt-rzmmfocDvyimm <bp) «t 

0#t$Lfco 

50 [00 3 9] G^**BSf SS 1 KM 2 © 'J yftSB 
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m^mwm \0 3, lost, Miio4t^b P 
ng^s^7Mrn&& (Dm mmm^mmm 

J«f 10 3-1 0 5©Hi?^£QajRJg?« 

3,105 ©SjRS^iifittfa 0 . 8 It. W 

-6, wm\ oAo&mw^mmcttMLx. ^20 

10 3-10 5«^2^|pJ (BSIS^IrJ) T^RJB^ttW 10 

1 mm 2 © y >ftw*^^#ftp 103, 105 
saw 1 0 4 *a3f-r*» 1 atf»2 «y >ftsnn3S^ 

awwi 1 0 3, 1 0 5*raHMre, Lfrt[WH©JlJ? 

©¥*|{*fcm (=BP) frBKlSLfcfci&fc, 

0 4^511 Sft(±^2 ©'J yfbfi^W*! 1 0 

3, 1 0 5 s\(Dmm&?(Dti:m. zrcitttomftnn'w 
[0040] p jg©^ 2 © y yitmm^mitm 105 20 

©Sffi©if*Wfctt, Pill 1 0 5{cSMf Sffllfc^ • S 
HCAu- Zn) ^*»6ft**— 5ff (Ohm i 
c ) ««*E« Life Au • Z n/-'f^V (N i ) 
(Au) ©3SMJI«jgfrP>ft.S^ffiWIl OO^iglt 

/co mmm-hm (pad) tti^ftb^sss 1 0 

6(4, 2 0(imit8R^«iiLL S 

it, n^S i^MgjlS&l 0 1 ©MBOK&Sfctt, g 

ffi*ffii 0 7 tLTT^^-^A • ry^ey (A 1 • 

Sb) •y^WW&gBBLTLED 1 

B**j£Lfc 0 A 1 • S blfMg(«2/imi:L 30 
fc„ S®&tf*E*«l 0 6, 1 0 7WLfti, S 

«i o i**-rs [2ii] ^riftrfcWf&tf 

SEt&T^CiWrLT, -33*193 5 O/imk-TSIEtf 
J£©L E D 1 BfcUfco 
[0 0 4 1 ] Sffittffi 1 0 6 k»ffi«S 1 0 7 t(D?SlC 
2 0 5 V 7 y\7 ( m A) ©KlftSiTfMML 
fcRHcti, LED 1 B*^«fi^4 3 0nmt«f 

nSf'?y(chip) ^T'©WJg{4 9 5'J*yf f ^ 
(mcd) , WSSJtSMtO L E D 1 B tfUft^n 40 

Itc $7C, !IB7d(o]*£E (V f , mU®fifaWM=2 0m 
A) fi*<J3VT&tK (V«, {Il,j£W|q* 

flt=l Oil A) J4 5 Vfithfca-afc. c©aj?a««B? 
tt^P), 1 0 4 k» 1 RTS%2 CD 'J >ft«£¥ 

>»{*/■ 1 0 3, 1 0 5 fcOIBTOasRJS^fitttfcHS 

^rDg^^®6oa*ift(4 ofc8«#raw&ffi«*, 

r)t«?m«HlliS«a^SfflJ (1 9 8 9¥8^20 
0, Oft) *-A*rJgfi\ $ 1 j&£ 1 «|) , 3 7 1-3 

[0042] 2 nfiSM) $ i vmrnttpBt u 50 
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w, 2 (Dimm* nBtir, pBvmwv yitmmk 
*wwm t n s©n? 2 0 u >ftfin^^*^f*/i t mm 
LTvyimm&^mfoi e o^iistss^jtL 

[00 4 3] *® 2 Hfitffll t«t>S L E D 2 B ©Brffiflt 
£H*H4fcg*-r„ 04 lc^"rfWHKt#2 Atcj^v 
T, 0 1 RtfH2 fcM^LfcSWWBfif* 1 A t |WJ — -CDfll 

[0 0 4 4] LED2Bffl^©«ii«jgf*2 A(4, (1 
1 1) iBiSIE*SEi:f SflHIS (B) F-7©pfl2S i 

[00 4 5]1S101 ©SffifclJ4, (Ci H 5 ) , B, ' 
PH./H^MEMOC VDStfSO, 1 0 7 5°CT7 
> F-y-e p 'J yftffllR (BP) Sfr b 1 © U 

yitmm%*m»m 1 0 3*«iLL f&m*<o£iM 
mo. 2 wcimLtco m \ co&m f*» 2 iwj 
t-{4, P «) com 1 ©y yitmm^mww 103©$ 

tlA, SS»UT*aajRJS?»cHO, *l 0 3©f*gg|3<o 

mmm?mmim7 x 1 o ls cm " t^t/co a*®? 

LT (*i^lcfB«c9 r^#f*Sffi (±) J , 119- 
1 2 0M#1) , IBJg 1 0 3ttpJB«Dfc#tt*IB$LT 
*3D, ^©^•V , J7rIfi(4^]2 x l 0" cm" T&Sil 

^^«f*S 1 0 3 <DHJi(4^]2 lOnmi: L/c,, g 1 <D 
U yfM*^^f*)1 1 0 3*^-r^»f*«B P«©S 
rST-«^±^i|iS{4^ 3 . OeVTfeo/io 
[0 0 4 6] SlO'J >ftH^ij£^ g ! o 3 

}4, MOC V DaS*'VOPHa k (CzH E ) iBJ:©ft 
IgMJrt* f • I'll- (C 2 Hs) ,B) *9 0kt, * 
/c, fiicKJ2S*3 0 nm/^kLTj5)tSiL/c/ci6lC, ft 
WcS^l 0 8*l«iQ-ft«ftT?^tffeOi:ftofc. « 
H 1 0 8 (4 U >ft«* (BP) « (i i i| -iS B ^B* 

(stacking fault) ('« 
r|gS«^S««^J (1 9 9 7^1 1 £ 2 
5 0, (») ^ffl€tlH^lT® 1 f&) , 111-112 
H#BS) N ^ > E U i' ( i n t r ins ic) §y 
^x^X E U yy •yd' (extrinsic) S^fnjn 
(±13© r*SHS^si?£gi^J , l 

4 1H#M) ^{4B«t|iJgiJt-«tSb^^ofc, 
[0 0 4 7] n i ©y >ftffl3«^«#* 1 0 3±lC 

14, CII C; a • CH 3 I n/NHs/'H^M 
EEMOC VDStiO, 8 0 orTt/K'^T, Si^F 
-If y^Efc nBmitfiV • 4y*J*}U (G an 
I no.ii N) *»6a«58)lfiJil 0 4*fflSL/Co KJtff 
1 0 4 {4, $)0. 8^E©M£ET r -(:-fiicfliLfc„ Hip(41^ 

5 0 n m t L 7c 0 f&tM 1 0 4 OjSBt^tett, S i i H, 
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x i o' s cm -3 t&zmimmzF-^yVLrco mi 
©y y<mm&¥m#m i o 3 ©i*i§i$©i:fe©ai^it 
«sti, u> (p.) s?L*(5#-rsiijR (B) ®?<Dm 

st©t?a^fc. toft*, siouvftiBRSimw* 

g 1 0 3±iaML/c5§ft/f 1 0 4coaffiii^ette< 
[0 0 4 8] ffltM 1 0 4©^®±t{i, n^CD'JMt 

« (bp) *p 6 & 2 $ 2 © y yimm&^mfos io io 

0) <D£ 2 CD >J MtfiK^^f*)! 1 0 5 (Dfcmm fc 

i±, i o 5rto^Rs : ?©s»9ii*«<»4 x i o" 

cm" 3 &lt©a^lg??SS^7 x l 

O 1 ' cm" fcft*«te, v-'^^^-TK^gg-^X^fiJffi 

(B) <D&fL%£tb&Vy (P) JR : ?©jaB«fct)a*»t 
fi<, fiE^T, S2©uyft«^»f*S©fi^© 

£&ofco ^2©y >{fcfiWSt^*WIl 0 5O+t'J 

r«fctt»i x i o 1! cm" 3 tLito mmii. mi©y 

1 0 3 £|W|C<&)2 1 OnmcL 

rcc w,2<r>vy{mm&¥mfom\ osu, ss-e©** 

lt?fMB*8l 3 . 0 e V i:-T 'J >ft»|jR ( B 
P) iO^LfCo fi#)g*fflS-rS^lRtfm2©U 
>{M*^^f*« 10 3, 1 05c, 1 0 4 £ 

frP»p nfi^f^Kfag^ (DH) 
aS%#ll£Lfc 0 30 
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(54) pn JUNCTION TYPE BORON PHOSPHIDE GROUP SEMICONDUCTOR LIGHT EMITTING 
ELEMENT AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress an external diffusion 
of a IV-element from a light emitting layer in a boron 
phosphide group semiconductor light emitting element, and to 
maintain an atom concentration of the IV-element in the light 

emitting layer at optimum concentration from the viewpoint of (j<tt:«*-'»mV . 'Mfjn sun- 

light emission intensity. 

SOLUTION: The boron phosphide group semiconductor light 
emitting element is provided with the light emitting layer 
consisting of a first boron phosphide group semiconductor 
layer, and a III— V semiconductor layer obtained by intentionally 
adding the IV-element and pn junction type hetero junction 
structure consisting of a second boron phosphide group 
semiconductor layer. The first boron phosphide group 
semiconductor layer is constituted of an undoped first 
conductive boron phosphide group semiconductor containing 
the IV-element, and the second boron phosphide group 
semiconductor layer is constituted of a second conductive 
boron phosphide group semiconductor layer containing the IV- 
element. 
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CLAIMS 

[Claim(s)] 

[Claim 1] The substrate which consists of a silicon (Si) single crystal of the 1st conduction type, and the 1st 
Lynn-ized boron system semi-conductor layer of the 1st conduction type formed on this substrate, the 
[ which was prepared on the 1st Lynn-ized boron system semi-conductor layer / which has the 1st cr 2nd 
conduction type / on a periodic table of the elements ] — with the luminous layer which consists of an III-V 
group semi-conductor layer which added IV group element intentionally It has the 2nd Lynn-ized boron system 
semi-conductor layer of the 2nd conduction type formed on the luminous layer. In the pn junction mold Lynn- 
ized boron system semi-conductor light emitting device equipped with the pn junction mold hetero (different 
species) junction structure which consists of the 1st Lynn-ized boron system semi-conductor layer, a 
luminous layer, and the 2nd Lynn-ized boron system semi-conductor layer It constitutes from a Lynn-ized 
boron system semi-conductor of the 1st conduction type of undoping containing IV group element the 1st 
Lynn-ized boron system semi-conductor layer — the — the 2nd Lynn-ized boron system semi-conductor 
layer — the — the pn junction mold Lynn-ized boron system semi-conductor light emitting device 
characterized by constituting from a Lynn-ized boron system semi-conductor layer containing IV group 
element of the 2nd conduction type opposite to the 1st conduction type. 

[Claim 2] the [ of the same kind as what is contained in the 1st Lynn-ized boron system semi-conductor layer 
at a luminous layer ] — the pn junction mold Lynn-ized boron system semi-conductor light emitting device 
according to claim 1 characterized by containing IV group element. 

[Claim 3] the [ which is contained in the 1st Lynn-ized boron system semi-conductor layer ] — the atomic 
concentration of IV group element — the [ inside a luminous layer ] — the pn junction mold Lynn-ized boron 
system semi-conductor light emitting device according to claim 1 or 2 characterized by considering as less 
than **30% to the atomic concentration of IV group element. 

[Claim 4] the [ which is contained in the 1st Lynn-ized boron system semi-conductor layer and luminous 
layer ] — a pn junction mold Lynn-ized boron system semi-conductor light emitting device given in claim 1 
characterized by using IV group element as silicon (Si) thru/or any 1 term of 3. 

[Claim 5] A pn junction mold Lynn-ized boron system semi-conductor light emitting device given in claim 1 
characterized by constituting the 2nd Lynn-ized boron system semi-conductor layer from a Lynn-ized boron 
system semi-conductor layer of the 2nd conduction type of undoping thru/or any 1 term of 4. 
[Claim 6] the 2nd Lynn-ized boron system semi-conductor layer — the — a pn junction mold Lynn-ized boron 
system semi-conductor light emitting device given in claim 1 characterized by constituting IV group element 
from a Lynn-ized boron system semi-conductor layer of the 2nd conduction type added intentionally thru/or 
any 1 term of 4. 

[Claim 7] having added in the 2nd Lynn-ized boron system semi-conductor layer at the luminous layer — the 
[ of the same kind ] — a pn junction mold Lynn-ized boron system semi-conductor light emitting device given 
in claim 1 characterized by containing IV group element thru/or any 1 term of 6. 

[Claim 8] the [ which is contained in the 2nd Lynn-ized boron system semi-conductor layer ] — the atomic 
concentration of IV group element — the [ inside a luminous layer ] — a pn junction mold Lynn-ized boron 
system semi-conductor light emitting device given in claim 1 characterized by considering as less than **30% 
to the atomic concentration of IV group element thru/or any 1 term of 7. 

[Claim 9] the [ which is contained in the 2nd Lynn-ized boron system semi-conductor layer and luminous 
layer ] — a pn junction mold Lynn-ized boron system semi-conductor light emitting device given in claim 1 
characterized by what IV group element was used as silicon (Si) for thru/or any 1 term of 8. 
[Claim 10] The pn junction mold Lynn-ized boron system semi-conductor light emitting device according to 
claim 4 characterized by carrying out to which [ of the concentration of the Lynn atom which occupies a 
boron hole for the atomic concentration of the silicon contained in the 1st Lynn-ized boron system semi- 
conductor layer, or the concentration of the boron atom which occupies the Lynn hole ] below concentration. 
[Claim 11] The pn junction mold Lynn-ized boron system semi-conductor light emitting device according to 
claim 9 characterized by carrying out to which [ of the concentration of the Lynn atom which occupies a 
boron hole for the atomic concentration of the silicon contained in the 2nd Lynn-ized boron system semi- 
conductor layer, or the concentration of the boron atom which occupies the Lynn hole ] below concentration. 
[Claim 12] MOCVD — the manufacture approach of the pn junction mold Lynn-ized boron system semi- 
conductor light emitting device according to claim 1 to 1 1 which is 1000-1200 degrees C in temperature about 
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the LynrHzed boron system semi-conductor layer of p mold, and is characterized by forming the Lynn-ized 
boron system semi-conductor layer of n mold at the temperature of 750-950 degrees C by law. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the technique for constituting the LynnHzed boron system 
semiconductor device equipped with heteroj unction structure, and relates to the technique for obtaining the 
Lynn-ized boron system semi-conductor light emitting device which presents high luminescence reinforcement 
especially. 
[0002] 

[Description of the Prior Art] It is in the former and Lynn-ized boron (BP) is found as a group's III— V 
semiconductor kind (refer to Nature, 179, and No. 4569 (1957) or 1075 pages). Moreover, since Lynn-ized 
boron (BP) is the semi-conductor of a indirect transition mold (refer to the Teramoto ****, "semiconductor 
device introduction" (March 30, 1995, Baifukan Issue First edition), and 28 pages), it is supposed that it is not 
become a suitable ingredient to form the luminous layer of a semi-conductor light emitting device. For this 
reason, in the Lynn-ized boron system semi-conductor light emitting diode (LED) which comes to have the 
conventional Lynn-ized boron system semi-conductor layer, the Lynn-ized boron system semi-conductor 
layers, such as Lynn-ized boron, are used for constituting the buffer coat chiefly prepared on the substrate 
which consists of a silicon single crystal (silicon) (refer to U.S. Pat. No. 6 and No. 069 or 021). Moreover, in the 
laser diode (LD), it is used as a contact (contact) layer for preparing an ohmic (Ohmic) electrode, for example 
(refer to JP.2-288388.A). 

[0003] On the other hand, it is in a semi-conductor light emitting device, and, usually a luminous layer consists 
of semiconductor materials of the direct transition mold which is excellent in radiative-recombination 
effectiveness as compared with a indirect transition mold. The luminous layer is mainly conventionally 
constituted from the gallium nitride indium (GaXIn1-XN:0 <=X<-1) by the Lynn-ized boron system semi- 
conductor LED (refer to JP.55-3834.B). the [ which is especially carried by periodic tables of the elements, 
such as silicon (Si) and germanium (germanium), ] — it has been usually to constitute a luminous layer from 
GaXIn1-XN (0<=X<=1) which added IV group element intentionally (refer to JP,6-260680,A). the — it is 
because the GaXIn1-XN (0<=X<=1) luminous layer which brings about luminescence of high reinforcement can 
be offered by doping (doping) of IV group element (refer to the Japan patent No. 2560963 official report). In 
order to be in a semi-conductor light emitting device and to obtain luminescence of high intensity, usually a 
light-emitting part is made into the double different-species (double hetero:DH) structure of the pn junction 
mold which consists of a luminous layer and an obstruction (clad) layer of p form which pinches a luminous 
layer, or n form (refer to JP,6-260283,A). 

[0004] the former — setting — the Lynn-ized boron system semi-conductor layer of p form — the [ of 
element periodic law ] — it usually comes out to add and obtain magnesium (Mg), zinc (Zn), etc. belonging to II 
group intentionally (doping), and there is (refer to ** JP.2-275682.A, ** JP,2-288371 A ** JP,2-288388,A, ** 
JP.1 0-24251 4,A, ** JP,10-242515,A, and ** JP,10-242567,A). moreover, the Lynn-ized boron system semi- 
conductor layer of n form — the [, such as silicon (Si), ] — it may depend on doping of IV group element — 
usually — ** — it has become (for example, refer to above-mentioned JP,2-288388,A). In view of such a 
conventional technical example, p form barrier layer which makes the light-emitting part of pn junction mold 
DH structure consists of p form Lynn-ized boron system semi-conductor layers which doped Mg or Zn. 
Moreover, n form barrier layer consists of n form Lynn-ized boron system semi-conductor layers which doped 
silicon (refer to application for patent No. 158282 [ 2001 to ]). 

[0005] the [ on the other hand, ] — it is indicated that the silicon (Si) which is IV group element works as an 
amphoteric (amphoteric impurity) like the case where other groups III-V semiconductor are received, to the 
Lynn-ized boron system semi-conductor (refer to the Shono Katsufusa work, "semiconductor technology 
(above)" (June 25, 1992, University of Tokyo Press issue 9 **), and 77 pages). Moreover, about the Lynn-ized 
boron semi-conductor layer, the technique of being in the condition of the so-called undoping (undope) which 
does not add an impurity intentionally, and obtaining the semi-conductor layer of n form or p form by ****(ing) 
and choosing the vapor growth temperature of the Lynn-ized boron layer is also indicated (refer to the above- 
mentioned "semiconductor technology (above) and 76 - 77 pages). It is supposed that existence with a boron 
hole and the Lynn hole is participating in the decision of the conduction type of the Lynn-ized boron semi- 
conductor layer of undoping (the Shono Katsufusa work, "semiconductor technology 100 collection of the VLSI 
age [III]" (refer to April 1, Showa 57, Ohm-Sha Issue, "electronic magazine electronics", the 27th volume of 
the No. [ 4 ] appendix, and 86 - 87 pages).). 



http://www4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje 



07/10/18 



JP.2003-249679.A [DETAILED DESCRIPTION] 



2/12 ^— v 



[0006] 

[Problem(s) to be Solved by the Invention] Nevertheless, with the conventional technique, the impurity 
(dopant) of a class which is different specially in the Lynn-ized boron system semi-conductor layer which is 
different in conduction type had been doped and obtained. Therefore, the trouble of hitting acquiring the pn 
junction structure which consists of a Lynn-ized boron system semi-conductor layer suited conduction type 
at the complicatedness which must change a dopant kind specially and must obtain the Lynn-ized boron 
system semi-conductor layer of n form or p form, the [ moreover, / which was doped to the luminous layer 
even if it tried when the light-emitting part of DH structure of a pn junction mold would be obtained as a 
barrier layer, using ******** and the Lynn-ized boron system semi-conductor layer of undoping in order to 
avoid this complicated doping actuation ] — it has fully come to control being spread to the LynnHzed boron 
system semi-conductor barrier layer of undoping of IV group element, the [ moreover, / which was doped in 
order to bring about luminescence of high intensity like the above ] — since extent diffused to the Lynn-ized 
boron semi-conductor layer of undoping of IV group element, for example, silicon, is changed, the 
reinforcement of luminescence by which outgoing radiation is carried out from a luminous layer becomes 
unstable, and if it spreads, there is no yes in obtaining **** Lynn-ized boron system half ********** for the 
stable luminescence reinforcement very much. 

[0007] It is in the Lynn-ized boron system semi-conductor light emitting device of the pn junction mold DH 
structure which makes a luminous layer the semi-conductor layer which comes to dope IV group element as 
an impurity, the [ for example, ] — Diffusion of IV group element can be controlled, the [ to the Lynn-ized 
boron system semi-conductor layer of undoping which can be formed simple ] — the [ therefore, / inside the 
luminous layer added by concentration suitable in order to bring about high luminescence reinforcement ] — if 
the configuration which can avoid reduction of the concentration of IV group element is offered, it will become 
effective in obtaining the Lynn-ized boron system semi-conductor light emitting device which is stabilized and 
presents high luminescence reinforcement. Especially in this invention, the configuration of the light-emitting 
part of the heterojunction structure which takes effect is shown for bringing about the Lynn-ized boron 
system semi-conductor light emitting device of high luminescence reinforcement. 
[0008] 

[Means for Solving the Problem] Namely, the substrate with which this invention consists of a silicon (Si) 
single crystal of the (1) 1st conduction type, The 1st Lynn-ized boron system semi-conductor layer of the 1st 
conduction type formed on this substrate, the [ which was prepared on the 1st Lynn-ized boron system semi- 
conductor layer / which has the 1st or 2nd conduction type / on a periodic table of the elements ] — with the 
luminous layer which consists of an III-V group semi-conductor layer which added IV group element 
intentionally It has the 2nd Lynn-ized boron system semi-conductor layer of the 2nd conduction type formed 
on the luminous layer. In the Lynn-ized boron system semi-conductor light emitting device equipped with the 
pn junction mold hetero (different species) junction structure which consists of the 1st Lynn-ized boron 
system semi-conductor layer, a luminous layer, and the 2nd Lynn-ized boron system semi-conductor layer It 
constitutes from a Lynn-ized boron system semi-conductor of the 1st conduction type of undoping containing 
IV group element, the 1st Lynn-ized boron system semi-conductor layer — the — the 2nd Lynn-ized boron 
system semi-conductor layer — the — the pn junction mold Lynn-ized boron system semi-conductor light 
emitting device characterized by constituting from a Lynn-ized boron system semi-conductor layer containing 
IV group element of the 2nd conduction type opposite to the 1st conduction type. 

(2) the [ of the same kind as what is contained in the 1st Lynn-ized boron system semi-conductor layer at a 
luminous layer ] — a pn junction mold Lynn-ized boron system semi-conductor light emitting device given in 
the above (1) characterized by containing IV group element. 

(3) the [ which is contained in the 1st Lynn-ized boron system semi-conductor layer ] — the atomic 
concentration of IV group element — the [ inside a luminous layer ] — a pn junction mold Lynn-ized boron 
system semi-conductor light emitting device the above (1) characterized by considering as less than **30% to 
the atomic concentration of IV group element, or given in (2). 

(4) the [ which is contained in the 1st Lynn-ized boron system semi-conductor layer and luminous layer ] — a 
pn junction mold Lynn-ized boron system semi-conductor light emitting device the above (1) characterized by 
using IV group element as silicon (Si) thru/or given in any 1 term of (3). 

(5) The above (1) characterized by constituting the 2nd Lynn-ized boron system semi-conductor layer from a 
Lynn-ized boron system semi-conductor layer of the 2nd conduction type of undoping thru/or a pn junction 
mold Lynn-ized boron system semi-conductor light emitting device given in any 1 term of (4). 

(6) the 2nd Lynn-ized boron system semi-conductor layer — the — a pn junction mold Lynn-ized boron 
system semi-conductor light emitting device the above (1) characterized by constituting IV group element 
from a Lynn-ized boron system semi-conductor layer of the 2nd conduction type added intentionally thru/or 
given in any 1 term of (4). 

(7) having added in the 2nd Lynn-ized boron system semi-conductor layer at the luminous layer — the [ of 
the same kind ] — a pn junction mold Lynn-ized boron system semi-conductor light emitting device the above 
(1) characterized by containing IV group element thru/or given in any 1 term of (6). 

(8) the [ which is contained in the 2nd Lynn-ized boron system semi-conductor layer ] — the atomic 
concentration of IV group element — the [ inside a luminous layer ] — a pn junction mold Lynn-ized boron 
system semi-conductor light emitting device the above (1) characterized by considering as less than **30% to 
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the atomic concentration of IV group element thru/or given in any 1 term of (7). 

(9) the [ which is contained in the 2nd LynnHzed boron system semi-conductor layer and luminous layer ] — a 
pn junction mold Lynn-ized boron system semi-conductor light emitting device the above (1) characterized by 
what IV group element was used as silicon (Si) for thru/or given in any 1 term of (8). 

(10) A pn junction mold Lynn-ized boron system semi-conductor light emitting device given in the above (4) 
characterized by carrying out to which [ of the concentration of the Lynn atom which occupies a boron hole 
for the atomic concentration of the silicon contained in the 1st Lynn-ized boron system semi-conductor layer, 
or the concentration of the boron atom which occupies the Lynn hole ] below concentration. 

(11) A pn junction mold Lynn-ized boron system semi-conductor light emitting device given in the above (9) 
characterized by what was done to which [ of the concentration of the Lynn atom which occupies a boron hole 
for the atomic concentration of the silicon contained in the 2nd Lynn-ized boron system semi-conductor 
layer, or the concentration of the boron atom which occupies the Lynn hole ] below concentration. It comes 
out. Moreover, this invention is the manufacture approach of a pn junction mold Lynn-ized boron system semi- 
conductor light emitting device the above (1) which is 1000-1200 degrees C in temperature about the Lynn- 
ized boron system semi-conductor layer of p mold, and is characterized by forming the Lynn-ized boron 
system semi-conductor layer of n mold at the temperature of 750-950 degrees C by the (12) MOCVD method 
thru/or given in (11). It comes out. 

[0009] 

[Embodiment of the Invention] In the 1st operation gestalt of this invention, {100}, {1 10} or {100}- that uses the 
{111} crystal faces as a front face, {110}-, and a {1 1 1}-silicon (Si) single crystal can be used for a substrate. 
Moreover, the silicon single crystal which makes it an include angle and uses abundance and the sloping crystal 
face as a front face, more for example than the {111} crystal faces can also be used as a substrate. Especially, 
as compared with the {100} crystal faces etc., the silicon atom exists in the {111} crystal faces of the silicon 
single crystal of a diamond (diamond) crystal structure mold by the higher consistency. For this reason, a 
{111 }— Si single crystal serves as a substrate effective in preventing that the boron (B) atom and the Lynn (P) 
atom which constitute the upper Lynn-ized boron system semi-conductor layer are invaded or spread inside 
Si single crystal substrate. Any of n form or p form are sufficient as the conduction type of a silicon single 
crystal. By this invention, the 1st conduction type is tentatively called to the conduction type of the silicon 
single crystal which forms a substrate. Positive/negative and which polar ohmic (Ohmic) nature electrode can 
be laid for a conductive silicon single crystal as a rear-face electrode at the rear face of a substrate, then a 
substrate, and it can contribute for constituting a light emitting device simple. The low conductive single 
crystal substrate of specific resistance (resistivity) which makes resistivity especially more desirably less than 
[ O.lmohm ] contributes for bringing about LED with low forward voltage (the so-called Vf) below 1 milli ohm 
(mohms). Moreover, since it excels in heat dissipation nature, it becomes effective in constituting LD which 
brings about the stable oscillation. 

[0010] The 1st Lynn-ized boron system compound semiconductor layer which carries out a laminating on a 
silicon single crystal substrate front face constitutes boron (B) and Lynn (P) for example, from 
BalphaaluminumbetaGagammalnl -alpha-beta-gamma P1-deltaAsdelta (0< alpha<=1, 0<=beta<1, 0<=gamma<1, 
0< alpha+beta+gamma <=1, 0<=delta<1) included as a configuration element. Moreover, for example, it can 
constitute from BalphaaluminumbetaGagammalnl -alpha-beta-gamma P1-deltaNdelta (0< alpha<=1, 0<=beta<1, 
0<=gamma<1, 0< alpha+beta+gamma <=1, 0<=delta<1). The 1st Lynn-ized boron system semi-conductor layer 
is a semi-conductor layer which approaches by the front face of a silicon single crystal substrate in [ layer / 
below-mentioned / 2nd / Lynn-ized boron system semi-conductor ] location, and is prepared. Moreover, let 
conduction type of the 1st Lynn-ized boron system semi-conductor layer be the 1st conduction type which is 
in agreement with the conduction type of the silicon single crystal which forms a substrate. For example, the 
case where p form Lynn-ized boron system semi-conductor layer of high resistance is prepared on the {111}- 
Si single crystal substrate of p form can be illustrated. 

[0011] the 1st Lynn-ized boron system compound semiconductor layer — especially — a presentation 
(=alpha) and Lynn of boron (B) — the boron and Lynn which carry out each presentation (= 1 -delta) of (P) to 
more than 0.5 (= 50%) are included as a subject — for example BalphaaluminumbetaGagammalnl -alpha-beta- 
gamma P1-deltaAsdelta (0.5<=alpha<=1 , 0<=beta<0.5, 0<=gamma<0.5, 0.5< alpha+beta+gamma <=1, 
0<=delta<0.5), Or it can constitute from BalphaaluminumbetaGagammalnl -alpha-beta-gamma P1-deltaNdelta 
(0.5<=alpha<=1, 0<=beta<0.5, 0<=gamma<0.5, 0.5< alpha+beta+gamma <=1, 0<=delta<0.5) suitably. From the 
Lynn-ized boron system semi-conductor mixed crystal which includes actively the boron which makes the 
presentation of boron (B) and Lynn (P) 0.5 or more respectively, and Lynn, there is an advantage to which the 
impurity which controls conduction type is not added intentionally (= doping), but the Lynn-ized boron system 
semi-conductor layer of the conductivity [ ** ] of the 1st or 2nd conduction type is brought. That is, since the 
Lynn-ized boron system semi-conductor layer of the 1st conduction type can be formed by undoping, the 
complicated nature which changes the impurity kind therefore added to conduction type is avoidable vor 
forming the Lynn-ized boron system semi-conductor layer of the 1st conduction type. 

[0012] the 1st Lynn-ized boron system semi-conductor layer which has the 1st same conduction type as the 
silicon single crystal of a substrate — the — the [ which doped in a luminous layer in order to make the 
reinforcement of luminescence emitted increase while released from the complicated actuation which dopes an 
impurity, when having constituted from an undoping layer containing IV group element ] — effect is taken by 
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controlling invasion into the 1st [ of IV group element ] LynnHzed boron system semi-conductor layer, and 
diffusion, the [ which is contained in the 1 st LynnHzed boron system semi-conductor layer ] — it is not 
necessary to necessarily limit IV group element to one kind the [the 1st LynnHzed boron system semi- 
conductor layer of the 1st conduction type is made to contain ] — in IV group element, carbon (C), silicon (Si), 
germanium (germanium), tin (Sn), etc. can be illustrated, the [these ] — since it is in IV group element and 
carbon (C) and silicon (Si) are not notably diffused within groups III-V semiconductor, such as the LynnHzed 
boron system semi-conductor layer, it is especially suitable, the [ moreover, / which is especially included in 
the 1st LynnHzed boron system semi-conductor layer ] — the [ which doped IV group element to the 
luminous layer ] — the [ the same as that of IV group element, then / of a luminous layer ] — effectiveness 
can be raised for controlling invasion in the 1st LynnHzed boron system semi-conductor layer of IV group 
element, and diffusion. As an example of the 2nd operation gestalt of this invention, the 1st LynnHzed boron 
system semi-conductor layer in which silicon was included may be prepared about a silicon dope luminous 
layer. Moreover, the example which prepares a carbon dope luminous layer on the 1st LynnHzed boron system 
semi-conductor layer containing carbon can be given. 

[0013] the 1st LynnHzed boron system semi-conductor layer of the 1st conduction type containing carbon (C) 
and silicon (Si) — the [ these ] — there is an advantage which does not add IV group element intentionally but 
can also form **. For example, the 1st LynnHzed boron system semi-conductor layer containing silicon is 
obtained simple by using a silicon single crystal as a substrate. If a silicon single crystal substrate is especially 
held in temperature of 1200 degrees C or less above 850 degrees C, the temperature of 750 degrees C - 1200 
degrees C and the silicon isolated from the silicon single crystal will mix in the interior of the 1st LynnHzed 
boron system semi-conductor layer conveniently, and can form the 1st LynnHzed boron system semi- 
conductor layer containing silicon. Moreover, in forming the 1st LynnHzed boron system semi-conductor layer, 
the 1st Lynn-ized boron system semi-conductor layer which contains the source of boron (B), then carbon for 
the functional group (function group) containing carbon (C) and the organic boron compound which added the 
saturation or the partial saturation aliphatic series functional group of the shape of the shape of a side chain 
and a straight chain especially can be formed simply. Namely, for example, methane (CH4), trimethyl arsenic 
(CH3) (3As), Even if it does not use anew carbon content compounds, such as a carbon tetrachloride (CCI4) 
and carbon tetrabromide (CBr4), as a carbonaceous dopant For example, if the carbon which is based on the 
pyrolysis of alkyl (alkyl) boron compounds, such as trimethyl boron (CH3) (3B) and boron triethyl (C2H5) (3B), 
and is generated is used, the 1st Lynn-ized boron system semi-conductor layer containing carbon is made 
simple, and can be formed. If it puts in another way, it can form simple with vapor growth means, such as the 
organic metal chemical depositing method (MOCVD law) which makes these alkyl boron compounds the source 
of boron. 

[0014] the [, such as silicon (Si) included in the 1st Lynn-ized boron system semi-conductor layer of the 1st 
conduction type, or carbon (C), ] — the [ by which the atomic concentration of IV group element is contained 
in a luminous layer ] — about 0.5 or more times of the atomic concentration of IV group element — about — 
it is desirable to consider as 2 double less or equal, the [ in the 1st Lynn-ized boron system semi-conductor 
layer ] — if the atomic concentration of IV group element turns into high concentration exceeding the twice 
[ about ] of that of a luminous layer — the [ from the 1st Lynn-ized boron system semi-conductor layer to a 
luminous layer ] — diffusion of IV group element — being generated — the [ in a luminous layer ] — it causes 
un-arranging [ from which the atomic concentration of IV group element turns into high concentration at ** ]. 
the [ on the contrary, / in a luminous layer ] — less than about 0.5 times [ of the atomic concentration of IV 
group element ] low concentration — the — the [ which is turned to the interior of the 1st LynnHzed boron 
system semi-conductor layer from a luminous layer in the 1st Lynn-ized boron system semi-conductor layer 
containing IV group element ] — since [ this ] diffusion of IV group element occurs notably — the [ inside a 
luminous layer ] — the atomic concentration of IV group element decreases and it produces un-arranging to 
bring about luminescence of high intensity, the [ in the 1st LynnHzed boron system semi-conductor layer ] — 
still more suitable one as atomic concentration of the sum total of IV group element — the [ in a luminous 
layer ] — the [ of inside when the atomic concentration of IV group element and abbreviation are equal (i.e., a 
luminous layer) ] — it is the atomic concentration which is in **30% of within the limits to the atomic 
concentration of IV group element, the [ of a luminous layer and the Lynn-ized boron system semi-conductor 
layer ] — the [ which originates in the difference of the atomic concentration and is generated, so that the 
difference in the atomic concentration of IV group element is smallness ] — the counter diffusion of IV group 
element may be controlled more, the most suitable one — the [ of the 1st Lynn-ized boron system semi- 
conductor layer ] — the atomic concentration of IV group element is the case where they are it of a luminous 
layer, and this concentration, the [ inside the 1st Lynn-ized boron system semi-conductor layer ] — the 
atomic concentration of IV group element can carry out a quantum like the case of a luminous layer using 
analysis means, such as secondary ion mass analysis (SIMS) and the Auger (Auger) electron spectroscopy 
analysis method. 

[0015] as a way stage of the 3rd operation gestalt of this invention — the [ for example, ] — it is in the 1st 
Lynn-ized boron system semi-conductor layer which contains silicon (Si) as an IV group element, membrane 
formation temperature is adjusted, and the example which makes silicon atom concentration in a layer less 
than **30% on the basis of it of a luminous layer can be raised. Silicon atom concentration in a layer can be 
made into high concentration, so that membrane formation temperature, i.e., the retention temperature of a 
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silicon single crystal substrate, is made into an elevated temperature, and, so that the hot holding time is 
lengthened. For example, on the p form {111 }— Si single crystal substrate held at 1050 degrees C of membrane 
formation temperature, p form Lynn-ized boron (BP) layer of undoping which sets silicon atom concentration 
to abbreviation 4x1017 atom / cm3 can be formed. If membrane formation temperature is made into the 
elevated temperature exceeding 1200 degrees C t the Lynn-ized boron crystal of the polymer of B6P of the 
rhombohedron crystal structure or B13P2 grade will become is easy to be formed. If the Lynn-ized boron 
polymer occurs in the 1st [ of a cubic sphalerite crystal mold ] Lynn-ized boron system semi-conductor layer, 
invasion into the layer of the silicon from a silicon single crystal substrate will arise notably through distortion 
or the crystal defect based and generated in the layer in the difference of a crystal mold. For this reason, 
sometimes the atomic concentration of the silicon in the 1st Lynn-ized boron system semi-conductor layer 
exceeds 5x1019 atom / cm3, and turns into high concentration at **, and the crystallinity of the 1st Lynn-ized 
boron system semi-conductor layer causes un-arranging [ which becomes disorderly ]. 
[0016] Moreover, when the buffer coat of an amorphous substance or polycrystal is prepared in the middle 
with the 1st Lynn-ized boron system semi-conductor layer on a silicon single crystal substrate, the buffer 
coat which consists of such a crystalline form has the operation which captures the silicon atom diffused from 
a substrate while easing the lattice mismatch of a silicon single crystal substrate and the 1st Lynn-ized boron 
system semi-conductor layer. Therefore, the concentration of the diffused silicon atom in the 1st Lynn-ized 
boron system semi-conductor layer may be low controlled compared with the case where the 1st Lynn-ized 
boron system semi-conductor layer is directly joined to a silicon single crystal substrate front face. The silicon 
atom captured by the buffer coat becomes abundant, so that the thickness of a buffer coat is thick. That is, 
the silicon atom concentration of the 1st Lynn-ized boron system semi-conductor layer is controllable even if 
it adjusts the thickness of a buffer coat. It is in the 1st Lynn-ized boron system semi-conductor layer 
containing silicon, and it is suitable for the atomic concentration of the silicon in a layer to carry out to under 
the concentration of the Lynn (P) atom which occupies the hole (vacancy) of boron, or the boron (B) atom 
which occupies the hole in Lynn. Also although it says that ******** and silicon work as an amphoteric by 
maintaining the relation of this concentration, the predominance of the Lynn-ized boron system semi- 
conductor which can obtain the semi-conductor layer of the conduction type of the both sides of n form or p 
form simple is maintainable in the state of undoping. 

[0017] the — even if it is in the 1st Lynn-ized boron system semi-conductor layer which contains carbon (C) 
as an IV group element, the carbon atom concentration in a layer depends on ac(justment of membrane 
formation temperature, and can be controlled. Carbon atom concentration in a layer can be made into high 
concentration, so that membrane formation temperature, i.e., the retention temperature of a silicon single 
crystal substrate, is made into an elevated temperature. However, at the elevated temperature exceeding 1200 
degrees C, the Lynn-ized boron crystal of the polymer of B6P of the rhombohedron crystal structure or 
B13P2 grade becomes is easy to be formed about membrane formation temperature, and it becomes 
inconvenient for obtaining the Lynn-ized boron system semi-conductor layer homogeneous in presentation. 
Moreover, the carbon concentration in the 1st Lynn-ized boron system semi-conductor layer can be made 
into high concentration, so that it makes the concentration into the membrane formation environment of the 
organic boron compound of the source slack above of (Boron B) to supply increase. However, it is in the 1st 
Lynn-ized boron system semi-conductor layer containing carbon, and it is suitable for the atomic 
concentration of the carbon in a layer to carry out to under the concentration of the Lynn (P) atom which 
occupies the hole (vacancy) of boron, or the boron (B) atom which occupies the hole in Lynn. Also although it 
says that ******** and carbon work as an amphoteric by maintaining the relation of this concentration, the 
1st conduction type concluded in the state of undoping is maintainable, the concentration of the boron atom 
which occupies the Lynn hole, or the concentration of the Lynn atom which occupies a boron hole — as each, 
the concentration of boron-boron (B-B) association, or the concentration of the Lynn-Lynn (P-P) association 
— the Raman (Raman) spectroscopy and nuclear magnetic resonance (NMR) — it depends on means, such as 
law, and can measure. 

[0018] The luminous layer which consists of a group III— V semiconducter concerning the 1st operation gestalt 
of this invention can consist of III group nitride semi-conductor layers, such as for example, a gallium nitride 
indium (GaXIn1-XN:0 <=X<=1) and a phosphorus nitride-ized gallium (GaN1-YPY:0 <=Y<=1). especially — the 
[ for example, ] — the III group nitride semi-conductor layer which added IV group element intentionally 
(doping) can be suitably used as a luminous layer. Silicon (Si), carbon (C), etc. can be illustrated to the 
impurity doped to a luminous layer, especially — silicon — the [ other ] — since it is hard to be spread 
upwards to the exterior of a luminous layer as compared with germanium (germanium) and tin (Sn) which are 
IV group element and can dope easily as compared with the case of carbon (C), it can use suitably, the [ inside 
a luminous layer ] — the suitable concentration of IV group element is 1x1019 atom / [ 1x1017 atom / cm3 - 
] cm3 in general. They are especially suitable abbreviation 5x1018 atom / cm3 - abbreviation 7x1018 atom / 
cm3. 1x1019 atom / cm3 is exceeded — as — the — in the luminous layer which doped IV group element, 
crystallinity gets worse and it does not come to obtain the luminous layer which brings about luminescence of 
high intensity. Let conduction type of a luminous layer be the 1st or 2nd conduction type. In the case of the 
luminous layer of the 2nd conduction type, junction in the 1st Lynn-ized boron system semi-conductor layer 
of the 1st conduction type can constitute single hetero (single hetero:SH) assembling-die pn junction 
structure. Moreover, the light-emitting part of double hetero (double hetero: English abbreviated name DH) 
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structure including the pn junction structure of the configuration which is made to join the 2nd LynnHzed 
boron system semi-conductor layer of the 2nd conduction type mentioned later to the luminous layer of the 
1st conduction type, and is prepared in it, then the luminous layer and the 2nd LynnHzed boron system semi- 
conductor layer can be built. As an example of the 4th operation gestalt of this invention, the 1st LynnHzed 
boron system semi-conductor layer is used as the Lynn-ized boron and the gallium (BXGa1-XP:0.5 <=X<=1) 
layer of undoping containing silicon, silicon is doped, and the case where a luminous layer is constituted from a 
phosphorus nitride-ized gallium (GaN1-YPY:0 <=Y<=1) which set atomic concentration of silicon to 2x1017 
atom / cm3 can be raised. 

[0019] A luminous layer can consist of single quantum well structure (SQW) or multiplex quantum well 
structure (MQW). If it is in the quantum well structure of using the tunnel (tunnel) effectiveness of a carrier 
(carrier), an obstruction (barrier) layer thicker than a well (well) layer also needs to consist of thin films. 
Before membrane formation, beforehand, the luminous layer of the quantum well structure which consists of 
continuous thin films uses the growth furnace which made the coat containing boron (B) and Lynn (P) put on a 
wall, and the Lynn-ized boron system semi-conductor layer which formed membranes on the silicon single 
crystal substrate is obtained as a substrate. Emission of the matter which pollutes the front face of the silicon 
single crystal substrate which makes the origin the decomposition product adhering to a fission reactor wall or 
a wall is controlled, the above-mentioned coat acts effective in obtaining the Lynn-ized boron system semi- 
conductor layer which is excellent in surface surface smoothness and a surface continuity, and if spread, it 
becomes convenient for forming the luminous layer which is excellent in surface surface smoothness and a 
surface continuity. 

[0020] If it is the laminating configuration prepared on the 1st [ of the thickness which has 30% or more of 
reflection factor ] Lynn-ized boron system semi-conductor layer to the light which sets wavelength to lambda 
for the luminous layer which carries out outgoing radiation of the light which sets wavelength to lambda, since 
it will depend on the 1st Lynn-ized boron system semi-conductor layer and luminescence from [ a part of ] a 
luminous layer will be reflected, it is constituting LED which is excellent in the ejection effectiveness of 
luminescence to the component exterior with dominance. For example, the laminating configuration which 
prepares the luminous layer which emits the purple-blue light which sets wavelength to 420nm on the 1st 
Lynn-ized boron semi-conductor layer which sets thickness to about 300nm can be illustrated. When it 
constitutes the 1st LynnHzed boron system semi-conductor layer from Lynn-ized boron (BP) of a monomer, 
the relation of the relational expression (1) of degree account between luminescence of wavelength lambda 
(unit nm;420 <=lambda<=490) and the thickness (unit: nm) of the 1st Lynn-ized boron system semi-conductor 
layer which can give 30% or more of reflection factor to it is. 
lambda**0.135-d+380 ... Relational expression (1) 

[0021] In the 5th operation gestalt of this invention, the 2nd Lynn-ized boron system semi-conductor layer of 
the 2nd conduction type formed on the above-mentioned luminous layer consists of Lynn-ized boron system 
semi-conductor layers of undoping. The 2nd Lynn-ized boron system semi-conductor layer consists of 
BalphaaluminumbetaGagammalnl -alpha-beta-gamma P1-deltaAsdelta (0< alpha<=1, 0<=beta<1, 0<=gamma<1, 
0< alpha+beta+gamma <=1, 0<=delta<1) as well as the case of the 1st Lynn-ized boron system semi-conductor 
layer. Moreover, for example, it can constitute from BalphaaluminumbetaGagammalnl -alpha-beta-gamma P1- 
deltaNdelta (0< alpha<=1, 0<=beta<1, 0<=gamma<1, 0< alpha+beta+gamma <=1, 0<=delta<1). The 2nd LynnHzed 
boron system semi-conductor layer is a semi-conductor layer which sandwiches a luminous layer, counters 
the 1st above-mentioned Lynn-ized boron system semi-conductor layer, and is prepared. Moreover, it is a 
conductive semi-conductor layer for pinching the 1st Lynn-ized boron system semi-conductor layer and 
luminous layer, and constituting the light-emitting part of pn junction mold DH structure. The conduction type 
of the 2nd Lynn-ized boron system semi-conductor layer presupposes that it is contrary to the silicon single 
crystal and the 1st Lynn-ized boron system semi-conductor layer which make a substrate. For example, let 
the 2nd Lynn-ized boron system semi-conductor layer be n form layer to the {111 }— Si single crystal of p form, 
and the 1st Lynn-ized boron system semi-conductor layer of p form. 

[0022] especially — a presentation (=alpha) and Lynn of boron (B) — the boron and Lynn which carry out 
each presentation (=1 -delta) of (P) to more than 0.5 (= 50%) are included as a subject — for example 
BalphaaluminumbetaGagammalnl -alpha-beta-gamma P1-deltaAsdelta (0.5<=alpha<=1 , 0<=beta<0.5, 
0<=gamma<0.5, 0.5< alpha+beta+gamma <=1, 0<=delta<0.5), Or it can constitute from 

BalphaaluminumbetaGa</SUB>gamma In1 -alpha-beta-gamma P1-deltaNdelta (0.5<=alpha<=1 , 0<=beta<0.5, 
0<=gamma<0.5, 0.5< alpha+beta+gamma <=1, 0<=delta<0.5) suitably. From the Lynn-ized boron system semi- 
conductor mixed crystal which contains Lynn-ized boron (B) and Lynn (P) actively, there is an advantage to 
which the impurity which controls conduction type is not added intentionally (= doping), but the Lynn-ized 
boron system semi-conductor layer of the conductivity [ ** ] of the 2nd conduction type is brought. That is, 
there is an advantage which can obtain the Lynn-ized boron system semi-conductor layer of the 2nd 
conduction type simple by undoping. 

[0023] While the doping actuation accompanied by modification of an impurity kind be avoidable, there be an 
advantage from which the conductive layer of low resistance be easily obtain by high carrier concentration in 
constituting the 1st and 2nd Lynn-ized boron system semi-conductor layers from an undoping layer by 
changing the relative rate of the ratio of concentration of the donor (donor) who participate in the hole of 
boron (B) or Lynn (P), or an acceptor (acceptor) component. For example, even if it is undoping, n form Lynn- 
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ized boron system semi-conductor layer of low resistance which makes it carrier concentration and exceeds 
abbreviation 5x1018cm-3 can be obtained. Moreover, if it is undoping, p form LynnHzed boron system semi- 
conductor layer of low resistance of the carrier concentration exceeding abbreviation 1x1019cm-3 can be 
constituted simple, the [ for example, /, such as sulfur (S) or a selenium (Se), ] — it is [ that the semi- 
conductor layer which a front face has and lacks in a continuity is only brought about by addition of rather a 
lot of / that it is difficult to be stabilized and to discover concentration of electrons high like the case of the 
above-mentioned undoping in the place which doped n form impurity of VI group element so much, and / 
impurities, and ]. [ disorderly ] the [ moreover, ] — the front face disorderly in the place which doped so much 
p form impurity nature which cannot form boron (B) and compounds, such as zinc (Zn) of II group element, and 
cadmium (Cd), easily which may not come to be stabilized in the LynnHzed boron system semi-conductor 
layer of low resistance of the above-mentioned high electron hole concentration — discontinuity — it is [ that 
a semi-conductor layer is only concluded and ]. That is, even when obtaining the LynnHzed boron system 
semi-conductor layer of which conduction type of n form or p form, a best policy depends on the undoping 
means which does not add an impurity intentionally. 

[0024] The conduction type of the LynnHzed boron system semi-conductor layer of undoping can adjust and 
control membrane formation temperature. The membrane formation temperature suitable for obtaining the 
undoping phosphorus-ized boron system semi-conductor layer of n form is 750 degrees C - 950 degrees C 
about. It is about 1000 degrees C - about 1200 degrees C that it is suitable for on the other hand obtaining p 
form LynnHzed boron system semi-conductor layer of undoping. Especially, the range of about 1025 degrees C 

- about 1100 degrees C is suitable. The LynnHzed boron system semi-conductor layer which formed 
membranes at the elevated temperature exceeding about 1000 degrees C, and especially the LynnHzed boron 
(boron monophosphide) layer of the monomer containing the twin crystal (twinning) which makes the {111}- 
crystal face a twin boundary side can be suitably used as 1st or 2nd LynnHzed boron system semi-conductor 
layer. The twin crystal contained inside a layer can contribute for bringing about the LynnHzed boron system 
semi-conductor layer which eases the mistake mitt (misfit) of a grid with a luminous layer etc., and is excellent 
in crystallinity. the [ moreover, /, such as boron (B) supplied to the membrane formation system of reaction, ] 

— Lynn to the concentration of the sum total an III group's configuration element — the ratio of the 
concentration of the sum total of the Vth group configuration elements, such as (P), and the so-called V/IH 
ratio also affect control of conduction type, n form LynnHzed boron system semi-conductor layer of undoping 
becomes is easy to be obtained, so that a V/III ratio is made into a high ratio, when membrane formation 
temperature is made the same. 

[0025] the 6th operation gestalt of this invention — setting — the 2nd LynnHzed boron system semi- 
conductor layer — the — IV group element consists of LynnHzed boron system semi-conductor layers of the 
2nd conduction type added intentionally. The 2nd LynnHzed boron system semi-conductor layer is arranged to 
the silicon single crystal substrate in the remoteness location rather than the 1st LynnHzed boron system 
semi-conductor layer. For this reason, as compared with the case of the 1st LynnHzed boron system semi- 
conductor layer, the concentration of the silicon atom which diffuses the silicon single crystal of a substrate 
as the origin is in the situation which decreases, for this reason, the case of the 1st LynnHzed boron system 
semi-conductor layer — differing — the [ to the 2nd LynnHzed boron system semi-conductor layer ] — the 
[ with the above suitable for addition of IV group element ] — it becomes a means convenient for obtaining 
the atomic concentration of IV group element, the [ to add ] — in IV group element, carbon (C), silicon (Si), 
germanium (germanium), and tin (Sn) can be illustrated. In the carbonaceous source of addition, carbon 
content compounds, such as methane (CH4), trimethyl phosphorus (CH3) (3P), and carbon tetrabromide 
(CBr4), can be illustrated. In the source of doping of silicon, silicon content gases, such as a silane (SiH4) and 
a disilane (Si2H6), can be illustrated. 

[0026] since the conductive layer of high carrier concentration has already been obtained like the above in the 
state of undoping even if it does not add n form or p form impurity — here — the — adding IV group element 
in order to control the conduction type of the 2nd LynnHzed boron system semi-conductor layer — if — 
there is nothing, the [ which was added to the luminous layer to the last ] — diffusion inside the 2nd Lynn- 
ized boron system semi-conductor layer of IV group element — controlling — the [ in a luminous layer ] — it 
is for maintaining the atomic concentration of IV group element to the concentration for bringing about 
luminescence of high intensity, the — IV group element is made below into the concentration of the Lynn 
atom which occupies the boron hole which governs the conduction type of the 2nd LynnHzed boron system 
semi-conductor layer, or the boron atom which occupies the Lynn hole, the concentration of the donor in 
whom the hole participated, or an acceptor component — exceeding — abundant — the — even if it adds IV 
group element, it is [ that the 2nd LynnHzed boron system semi-conductor layer by which surface surface 
smoothness was spoiled is only concluded, and ]. 

[0027] the [ which is contained in the 2nd LynnHzed boron system semi-conductor layer with the 7th 
operation gestalt of this invention ] — the [ which is added to IV group element and a luminous layer ] — IV 
group impurity is made the same, the [ which is made to exist in a luminous layer and the 2nd LynnHzed boron 
system semi-conductor layer ] — the [ by making IV group element the same / between both layers ] — the 
counter diffusion of IV group element can be controlled, the [ furthermore, / in both layers ] — the atomic 
concentration of IV group element — abbreviation — the [ equivalent, then ] — the diffusion to the 2nd Lynn- 
ized boron system semi-conductor layer from the luminous layer of IV group element — effectiveness can be 
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raised more for controlling the both sides of the diffusion to a luminous layer from the 2nd Lynn-ized boron 
system semi-conductor layer conversely, a luminous layer and the 2nd Lynn-ized boron system half conductor 
layer — the [ in ** and a layer ] — the atomic concentration of IV group element — the — it can adjust with 
the amount of doping of IV group element, the — the [ which was chosen so that the criteria with which the 
atomic concentration of IV group element should be doubled may obtain luminescence of high intensity to the 
last / of a luminous layer ] — it is the atomic concentration of IV group element, the [ of the 1st or 2nd Lynn- 
ized boron system semi-conductor layer ] — the case where the atomic concentration of IV group element is 
not in agreement with the optimal atomic concentration of a luminous layer — the [ in the 1st and 2nd Lynn- 
ized boron system semi-conductor layers ] — it is desirable to adjust the atomic concentration of IV group 
element to less than **30% in a difference on the basis of the optimal concentration of a luminous layer, the 
[ furthermore, / of the 1st and 2nd Lynn-ized boron system semi-conductor layers ] — making the atomic 
concentration of IV group element agree in it of a luminous layer — the — the counter diffusion of IV group 
element is controlled and it becomes the most convenient for obtaining the luminous layer which gives 
luminescence of high intensity. 

[0028] the [ moreover, / between a luminous layer and the 2nd Lynn-ized boron system semi-conductor 
layer ], so that the difference in the atomic concentration of IV group element is size — the [ between a 
luminous layer and the 2nd Lynn-ized boron system semi-conductor layer ] — diffusion of IV group element 
becomes remarkable, the [ therefore, / of the 2nd Lynn-ized boron system semi-conductor layer ] — the 
atomic concentration of IV group element — the [ of a luminous layer ] — it is optimal that it is the same as 
that of the atomic concentration of IV group element, at least — the [ of a luminous layer ] — it is desirable 
that it is the atomic concentration which is in **30% of range to the concentration of IV group element. There 
is an example to which the 2nd LynnHzed boron system semi-conductor layer which consists of a Lynn-ized 
boron layer of n form where silicon atom concentration was aajusted in 3x1018 atom / cm3 as a good example 
of the 8th operation gestalt of this invention about n form luminous layer which sets silicon atom 
concentration to 3x1018 atom / cm3 is joined, the interior of the 2nd Lynn-ized boron system semi-conductor 
layer — especially — the [ in the direction of thickness ], so that distribution of the atomic concentration of 
IV group element is made uniform — the [ from the luminous layer to the 2nd Lynn-ized boron system semi- 
conductor layer ] — effectiveness can be raised for controlling diffusion of IV group element. The 1st and 2nd 
Lynn-ized boron system semi-conductor layers which are different in the conduction type which pinches a 
luminous layer moreover, with the same ingredient and the distorted amount impressed [ of a luminous layer ] 
from the upper and lower sides by constituting from a semi-conductor layer of the same thickness to a 
luminous layer — the [ from equal, then the luminous layer to the 1st and 2nd Lynn-ized boron system semi- 
conductor layers ] — effect is taken more by controlling diffusion of IV group element. 

[0029] the [ which makes a luminous layer exist in the 2nd Lynn-ized boron system semi-conductor layer list 
with the 9th operation gestalt of this invention ] — let IV group element be silicon (Si), silicon — the — it is 
the element of difficulty diffusibility also in IV group element, for example, becomes convenient for controlling 
the diffusion to a luminous layer from the 2nd Lynn-ized boron system semi-conductor layer. Furthermore, the 
2nd Lynn-ized boron system semi-conductor layer of the silicon atom concentration which makes a difference 
smallness within **30% on the basis of the atomic concentration of the silicon of a luminous layer inhibits 
diffusion of the silicon atom to a luminous layer, and becomes still more effective in maintaining the silicon 
atom concentration in a luminous layer the optimal, as for example, the example of 1 configuration — silicon 
atom concentration — about — the n form GaXIn1-XN (0<=X<=1) luminous layer set to 4x1018 atom / cm3, 
and silicon atom concentration — about — there is heterojunction structure with the 1st and 2nd Lynn-ized 
boron (BP) layers set to 5x1018 atom / cm3. 

[0030] Temporarily, when the 1st conduction type is made into p form, undoping can constitute the 1st Lynn- 
ized boron system semi-conductor layer from the Lynn-ized boron (BP) layer of p form. The boron atom which 
works as an acceptor component and which occupies the Lynn hole exists in p form Lynn-ized boron (BP) of 
undoping so much. Therefore, it does not come to decrease very the electron hole (hole) concentration of an 
undoping p form Lynn-ized boron (BP) layer, therefore conduction type does not change in the place which 
made p form Lynn-ized boron (BP) layer of undoping which makes the 1st Lynn-ized boron system semi- 
conductor layer contain a silicon atom like the above by less than [ 1018cm - 3-1 01 9cm - ] three atomic 
concentration. On the other hand, the 1st conduction type is made into n form, and when it constitutes the 
1st Lynn-ized boron system semi-conductor layer from n form Lynn-ized boron (BP) of undoping, even if it is, 
the Lynn atom which occupies the boron hole of a donor component exists in the n form BP layer of undoping 
by the high concentration exceeding the double [ about ] figures silicon atom of less than [ 1018cm - 3- 
1019cm - ] three concentration. Therefore, a lot of donors in whom the hole participated cannot be 
compensated electrically enough in the place where the silicon which is ******** and an amphoteric acted as 
an acceptor (compensate), but the conduction type of the 1st Lynn-ized boron system semi-conductor layer 
is maintained by n form, therefore — the 10th operation gestalt of this invention — the — the 1st and 2nd 
Lynn-ized boron system semi-conductor layers are constituted as below the concentration of the donor in 
whom the above-mentioned hole participates the atomic concentration of IV group element, or an acceptor 
component, in order to compensate electrically the donor or acceptor in which these holes participate — the 
— in the place which doped IV group element so much, a lot of doping beyond whenever [ dissolution ] will be 
performed, and it originates in the appearance of the sludge containing a dopant etc., is coarse, and is [ that 
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the Lynn-ized boron system semi-conductor layer which lacks in surface smoothness is only brought about, 
and ]. The LynnHzed boron system semi-conductor layer of undoping can constitute the LynnHzed boron 
system semi-conductor layer of low resistance for [ which receives a luminous layer ], for example, 
constituting an obstruction (clad) layer most suitably and simple so that this invention may describe. 
[0031] 

[Function] the [ which contains conduction type in the 1st and 2nd different LynnHzed boron system semi- 
conductor layers ] — the [ by which IV group element was intentionally added by the luminous layer (doping) ] 
— the operation which controls the 1st of IV group element, and the diffusion to the 2nd LynnHzed boron 
system semi-conductor layer — having — the [ inside a luminous layer ] — it has the operation which brings 
about luminescence of high intensity for the atomic concentration of IV group element and which boils and 
maintains to the optimal concentration. 

[0032] the [ which is contained in the 1st and 2nd Lynn-ized boron system semi-conductor layers ] — without 
the silicon as an IV group element changes the conduction type of the 1st and 2nd Lynn-ized boron system 
semi-conductor layers in an undoping condition — the [ more effective in controlling the atomic diffusion to a 
luminous layer, or diffusion of the hard flow than both layers ] — it acts as an IV group element kind. 
[0033] 

[Example] (The 1st example) The 1st conduction type of a publication in the text is made into n form, the case 
where the Lynn-ized boron system semi-conductor LED is constituted using the 1 st Lynn-ized boron system 
semi-conductor layer of n form and the 2nd Lynn-ized boron system semi-conductor layer of p form is made 
into an example by making the 2nd conduction type into p form, and this invention is explained concretely. 
[0034] The mimetic diagram of LED1B concerning the 1st example is shown in drawing 1 . Moreover, the cross 
section of LED1B in alignment with broken-line X-X' shown in drawing 1 is shown in drawing 2 . 
[0035] Laminating structure 1A of an LED1B application formed the n form Si single crystal of the antimony 
(Sb) dope which uses the crystal face (1 11) as a front face as a substrate 101. a substrate 101 top — boron 
triethyl (C2H5) (3B) / phosphine (PH3) / hydrogen (H2) system ordi nary pressure MOCVD — the buffer coat 
102 which consists of Lynn-ized boron which makes an amorphous substance a subject in the state of as- 
grown at 350 degrees C by law was deposited. The thickness of a buffer coat 102 could be 5nm. 
[0036] After ending membrane formation of a buffer coat 102, the temperature of a substrate 101 was raised 
at 1050 degrees C. The laminating of the 1st Lynn-ized boron system semi-conductor layer 103 which sets to 
about 330nm thickness which consists of an n form Lynn-ized boron (BP) layer of undoping on the front face 
of a buffer coat 102 was carried out after the temperature up using the above-mentioned MOCVD vapor 
growth means. After ending membrane formation of the 1st Lynn-ized boron system semi-conductor layer 103 
of the 1st conduction type (the 1st example n form), in 1050 degrees C, this layer is held for 10 minutes within 
the ambient atmosphere which mixed a phosphine (PH3) and hydrogen (H2). The incorporation by the interior 
of the 1st Lynn-ized boron system semi-conductor layer 103 of the silicon atom diffused from the silicon 
single crystal substrate 101 was urged, a general secondary ion mass spectrometry (SIMS) — depending — 
the silicon atom concentration inside the 1st Lynn-ized boron system semi-conductor layer 103 — about 4 — 
the quantum was carried out to x1018cm-3. The carrier concentration of the 1st Lynn-ized boron system 
semi-conductor layer 103 was abbreviation 8x1018cm-3. Moreover, the band gap in the room temperature of 
BP layer of the monomer which makes the 1st Lynn-ized boron system semi-conductor layer 103 was called 
for with about 3.0eV from the photon energy dependency of the product value (=2 and eta-kappa) of a 
refractive index (eta) and an extinction coefficient (kappa). 

[0037] the 1st Lynn-ized boron system semi-conductor layer 103 top — trimethylgallium (CH3) (3Ga) / 
trimethylindium (CH3) (3In) / ammonia (NH3) / H-2 system ordinary pressure MOCVD — in 850 degrees C, 
the laminating of the luminous layer 104 which consists of a gallium nitride indium (GaO.94InO.06N) of n form 
was carried out by law. At the time of membrane formation of a luminous layer 104, disilane (Si2H6)-hydrogen 
(H2) mixed gas was used, and silicon (Si) was doped at it. The amount of doping of the silicon to a luminous 
layer 104 was set up so that the silicon atom concentration in this layer 104 might be set to abbreviation 
5x1018cm-3. The thickness of a luminous layer 104 could be 50nm. 

[0038] On the front face of a luminous layer 104, the laminating of the 2nd LynnHzed boron system semi- 
conductor layer 105 which consists of Lynn-ized boron (BP) of p form which is the 2nd conduction type was 
carried out. the 3 B/PH3/H-2 system ordinary pressure MOCVD as the case of the 2nd Lynn-ized boron 
system semi-conductor layer with the 2nd same (C2H5) Lynn-ized boron system semi-conductor layer 105 of 
the 2nd conduction type (the 1st example p form) — membranes were formed at 850 degrees C by law. the 
atomic concentration of the silicon which remains in this layer 105 at the time of membrane formation of the 
2nd Lynn-ized boron system semi-conductor layer 105 (residual) — about 2 — although it is x1017cm-3 — 
taking an example — total silicon atom concentration — about 4 — silicon was doped using disilane-hydrogen 
mixed gas so that it might be set to x1018cm-3. Carrier concentration of the 2nd Lynn-ized boron system 
semi-conductor layer 105 was set to abbreviation 1x1019cm-3. Thickness could be about 330nm as well as 
the 1st Lynn-ized boron system semi-conductor layer 103. The 2nd Lynn-ized boron system semi-conductor 
layer 105 as well as the 1st LynnHzed boron system semi-conductor layer 103 consisted of LynnHzed boron 
(BP) of the monomer which sets the band gap in a room temperature to about 3.0eV. 

[0039] The light-emitting part of a pn junction mold double heterojunction (DH) structured type consisted of 
the 1st and 2nd Lynn-ized boron system semi-conductor layers 103 and 105 which are different in conduction 
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type, and a luminous layer 104. The quantum result of the silicon atom concentration of the depth direction of 
each configuration layers 103-105 which constitute the light-emitting part which depends on SIMS analysis 
general to drawing 3 is shown. The silicon atom concentration of the 1st and 2nd Lynn-ized boron system 
semi-conductor layers 103 and 105 became about 0.8 times on the basis of the silicon atom concentration of 
a luminous layer 104. That is, as compared with the silicon atom concentration of a luminous layer 104, it 
became low concentration about 20%. Moreover, as shown in drawing 3 , it was admitted in the depth direction 
(the direction of thickness) of each configuration layers 103-105 that the silicon atom was distributed over Mr. 
abbreviation 1. The 1st and 2nd Lynn-ized boron system semi-conductor layers 103 and 105 which pinch a 
luminous layer 104 in that balance was maintained at silicon atom concentration in the internal luminous layer 
104, 1st, and 2nd Lynn-ized boron system semi-conductor layers 103 and 105, and a list by the same matter 
And since it constituted from a semiconductor material (= BP) of the same thickness, it was judged that 
diffusion of the silicon atom from the luminous layer 104 to the 1st or 2nd Lynn-ized boron system semi- 
conductor layer 103 and 105 or the diffusion to the hard flow was controlled. 

[0040] The surface electrode 106 which consists of three-layer multistory structure of Au-Zn / (nickel 
nickel) / gold (Au) which has arranged the ohmic (Ohmic) electrode which becomes a side in contact with this 
layer 105 from gold and a zinc (Au-Zn) alloy was formed in the center section of the front face of the 2nd 
Lynn-ized boron system semi-conductor layer 105 of p form. The surface electrode 106 which serves as the 
plinth (pad) electrode for connection was used as the circular electrode which sets a diameter to about 120 
micrometers. Moreover, all over the abbreviation for the rear face of the n form Si single crystal substrate 
101, the ohmic electrode which consists of an aluminum antimony (aluminum-Sb) alloy as a rear-face 
electrode 107 has been arranged, and LED1B was constituted. The thickness of the aluminum-Sb vacuum 
evaporation© film could be about 2 micrometers. After forming a front face and the rear-face electrodes 106 
and 107, Si single crystal which forms a substrate 101 was cut out in the direction parallel to the [211] 
directions, and perpendicular, and it was referred to as LED1B of the square which sets one side to about 350 
micrometers. 

[0041] When conduction of the operating current of 20mA (mA) was carried out between a surface electrode 
106 and the rear-face electrode 107 in the forward direction, the violet band light which sets wavelength to 
about 430nrn from LED1B was emitted. The brightness in the chip (chip) condition measured using a common 
integrating sphere became a 9mm candela (mcd), and LED1B of high luminescence reinforcement was offered, 
moreover, forward voltage (Vf, however forward current = 20mA) — about 3 — it is V and reverse voltage 
(VR, however reverse current =10microA) became more than 5V. From this good rectifying characteristic, it 
was taught that disorderly-ization of the heterojunction interface based on diffusion of the silicon atom 
between the luminous layer 104, 1st, and 2nd Lynn-ized boron system semi-conductor layers 103 and 105 is 
inhibited (refer to the work edited by the opto-electronics common lab, "the basic technique of an 
optoelectronic integrated circuit" (August 20, 1989, Ohm-Sha Issue, the 1st edition 1st **), and 371 - 384 
pages). 

[0042] (The 2nd example) The 1 st conduction type is made into p form, the case where the Lynn-ized boron 
system semi-conductor LED is constituted using the 1st Lynn-ized boron system semi-conductor layer of p 
form and the 2nd Lynn-ized boron system semi-conductor layer of n form is made into an example by making 
the 2nd conduction type into n form, and this invention is explained concretely. 

[0043] The cross section of LED2B concerning **** 2 example is shown in drawing 4 . In laminating structure 
2A shown in drawing 4 , the same sign as drawing 1 or drawing 2 is attached about the same component as 
laminating structure 1A illustrated to drawing 1 and drawing 2 . 

[0044] Laminating structure 2A of an LED2B application formed the p form Si single crystal of the boron (B) 
dope which uses the crystal face (11 1) as a front face as a substrate 101. 

[0045] the front face of a substrate 101 — the 3 (C2H5) B/PH3/H-2 system reduced pressure MOCVD — it 
depended on law and the laminating of the 1st Lynn-ized boron system semi-conductor layer 103 which 
consists of a p form Lynn-ized boron (BP) layer by undoping at 1075 degrees C was carried out. The pressure 
at the time of membrane formation was held in about 0.2 atmospheric pressures, the silicon atom which 
invades from the silicon single crystal substrate 101 while [ 15 minutes ] achieving membrane formation of the 
1st Lynn-ized boron system semi-conductor layer 103 of the 1st conduction type (the 2nd example p form), 
and is diffused — being based — the silicon atom concentration inside a layer 103 — about 7 — it amounted 
to x1018cm-3. even if silicon atom concentration turns into such high concentration — considering the sense 
of thermoelectromotive force — ("semiconductor technology (above)" of a publication in the text, refer to 119 
- the 120 page), and this layer 103 — the conductivity of p form — maintaining — **** — the carrier 
concentration — about 2 — it is checked separately that it is x1019cm-3. Moreover, the thickness of the 1st 
Lynn-ized boron system semi-conductor layer 103 could be about 210nm. The band gap in the room 
temperature of BP layer of the monomer which makes the 1st Lynn-ized boron system semi-conductor layer 
103 was about 3.0eV. 

[0046] since [ moreover, ] the 1st Lynn-ized boron system semi-conductor layer 103 set the rate of a supply 
quantitative ratio (= PHs 3/(C2H5) 3B) with PHs 3 and 3 (C2H5)B to the MOCVD system of reaction to 90 
and the membrane formation rate was formed as a part for 30nm/ — the interior — twin crystal 108 — 
abbreviation — it became what is included by the uniform consistency. Twin crystal 108 was what makes the 
{111}-crystal face of Lynn-ized boron (BP) a twin boundary side. Although it could consider that twin crystal 
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was also a kind of stacking fault (stacking fault) (refer to hill ******, "crystal electron microscope 
study" (November 25, 1997, the 1st Edition of Uchida Rokakuho Publishing Issue), and 111 - 1 12 pages), it did 
not come to distinguish clearly which stacking fault (refer to the above-mentioned "crystal electron 
microscope study" and 141 pages) of a format of an in thorin chic (intrinsic) mold or an EKUSU thorin chic 
(extrinsic) mold. 

[0047] the 1st LynnHzed boron system semi-conductor layer 103 top — the 3(CH3) Ga/(CH3)3 In/NH3/H-2 
system reduced pressure MOCVD — by law, it was alike, it set at 800 degrees C, and the laminating of the 
luminous layer 104 which consists of an n form gallium nitride indium (GaO.90InO.10N) which doped Si was 
carried out. The luminous layer 104 formed membranes under reduced pressure of about 0.8 atmospheric 
pressures. Thickness could be about 50nm. At the time of membrane formation of a luminous layer 104, 
Si2H6-H2 mixed gas was used, and silicon was doped at it so that the silicon atom concentration in a layer 
might be set to abbreviation 7x1018cm-3. The above-mentioned silicon element concentration inside the 1st 
Lynn-ized boron system semi-conductor layer 103 is more nearly extraordinarily [ than the concentration of 
the boron (B) atom which occupies the Lynn (P) hole ] low, and the front face of this layer 103 came to excel 
in surface smoothness. For this reason, the front face of the luminous layer 104 formed on the 1st Lynn-ized 
boron system semi-conductor layer 103 does not have a projection, either, and became flat. 
[0048] On the front face of a luminous layer 104, the laminating of the 2nd Lynn-ized boron system semi- 
conductor layer 105 which consists of Lynn-ized boron (BP) of n form was carried out. the time of membrane 
formation of the 2nd Lynn-ized boron system semi-conductor layer 105 of the 2nd conduction type (the 2nd 
example n form) — the residual concentration of the silicon atom in this layer 105 — about 4 — although it is 
x1017cm-3 — taking an example — total silicon atom concentration — about 7 — silicon was doped using 
disilane-hydrogen mixed gas so that it might be set to x1018cm-3. This silicon atom concentration was farther 
[ than the concentration of the Lynn (P) atom which occupies the hole of boron (B) ] low, therefore reversal of 
the conduction type of the 2nd Lynn-ized boron system semi-conductor layer was not accepted. Moreover, by 
such silicon atom concentration, generating of the sludge containing silicon was not accepted but became the 
continuation film which has the flat front face of the 2nd Lynn-ized boron system semi-conductor layer 105. 
Carrier concentration of the 2nd Lynn-ized boron system semi-conductor layer 105 was set to abbreviation 
1x1019cm-3. Thickness could be about 210nm as well as the 1st LynnHzed boron system semi-conductor 
layer 103. The 2nd Lynn-ized boron system semi-conductor layer 105 consisted of Lynn-ized boron (BP) of 
the monomer which sets the band gap in a room temperature to about 3.0eV. The light-emitting part of a pn 
junction mold double heterojunction (DH) structured type consisted of the 1st and 2nd Lynn-ized boron 
system semi-conductor layers 103 and 105 which are different in conduction type, and a luminous layer 104. 
[0049] The surface electrode 106 has been arranged in the center section of the front face of the 2nd Lynn- 
ized boron system semi-conductor layer 105 of n form. The surface electrode 106 constituted the side in 
contact with the 2nd LynnHzed boron system semi-conductor layer 105 from three layer multistory film of 
Au-germanium/nickel/Au used as gold and the germanium (Au-germanium) alloy film. The diameter of the 
circular surface electrode 106 which serves as a plinth electrode was set to about 110 micrometers. All over 
the abbreviation for the rear face of the p form Si single crystal substrate 101, the ohmic electrode which 
consists of aluminum (aluminum) as a rear-face electrode 107 has been arranged, and LED2B was constituted. 
The thickness of aluminum vacuum deposition film could be about 3 micrometers. After forming a front face 
and the rear-face electrodes 106 and 107, the Si single crystal 101 was cut out in the direction parallel to the 
[211] directions, and perpendicular, and it considered as LED2B of the square which sets one side to about 
350 micrometers. 

[0050] The emission center wavelength at the time of carrying out conduction of the operating current of 
20mA (mA) between a surface electrode 106 and the rear-face electrode 107 in the forward direction was set 
to about 440nm. Silicon atom concentration of a luminous layer 104 and the 1st [ of a barrier layer ] and 2nd 
Lynn-ized boron system semi-conductor layers 103 and 105 was made the same, since fluctuation of the 
silicon atom concentration in the luminous layer 104 based on diffusion was inhibited, the brightness in the 
chip (chip) condition measured using a common integrating sphere became an about 10mm candela (mcd), and 
LED2B of high luminescence reinforcement was offered, moreover, the forward voltage (= Vf) for which the 
good rectifying characteristic was demonstrated and it asked from the current-electrical-potential-difference 
(I-V) property — about 3 — it was V (however, forward current = 20mA), and reverse voltage is 7V (however, 
reverse current =10microA), and LED2B which is also high pressure-proofing was offered. 
[0051] 

[Effect of the Invention] the [ which will be prepared on the substrate which consists of a silicon single crystal, 
and will bring about luminescence of high intensity if it depends on this invention / which was alike and was 
added by the optimal atomic concentration ] — to the luminous layer which consists of an III-V group semi- 
conductor containing IV group element the, since the 1st and 2nd Lynn-ized boron system semi-conductor 
layers which are different in conduction type including IV group element are joined and pn junction mold 
heterojunction structure is constituted the [ for example, / from a luminous layer ] — external diffusion of IV 
group element — controlling — effectiveness — doing so — the [ in a luminous layer ] — the atomic 
concentration of IV group element can be maintained from a viewpoint of luminescence reinforcement to the 
optimal concentration, and the light emitting device of high luminescence reinforcement can be offered. 
[0052] The 1st [ which pinches a luminous layer and makes heterojunction structure by this invention 
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especially ], or 2nd LynnHzed boron system semi-conductor layer a luminous layer and abbreviation — the 
[ equivalent ], since it constitutes from a conductive semi-conductor layer of the 1st or 2nd conduction type 
which has the atomic concentration of IV group element the [ resulting from the difference in atomic 
concentration ] — effectiveness is raised for controlling the counter diffusion of IV group element — having - 

- the [ in a luminous layer ] — the atomic concentration of IV group element can be maintained from a 
viewpoint of luminescence reinforcement to the optimal concentration, and the light emitting device of high 
luminescence reinforcement is brought about — it can be alike and can contribute. 

[0053] Moreover, the 1st [which pinches luminescence and makes heterojunction structure by this invention 
especially ], or 2nd LynnHzed boron system semi-conductor layer the [ as what was doped to the luminous 
layer / same ], since it constitutes from a conductive semi-conductor layer of the 1st or 2nd conduction type 
containing IV group element the [ resulting from the difference in atomic concentration ] — effectiveness is 
further raised for controlling the counter diffusion of IV group element — having — the [ in a luminous layer ] 

— the atomic concentration of IV group element can be maintained from a viewpoint of luminescence 
reinforcement to the optimal concentration, and the light emitting device of high luminescence reinforcement 
can be brought about. 

[0054] Moreover, the 1st [which pinches luminescence and makes heterojunction structure by this invention 
especially ], or 2nd LynnHzed boron system semi-conductor layer the [ as what was doped to the luminous 
layer / same ] — IV group element — abbreviation, since it constitutes from a conductive semi-conductor 
layer of the 1st or 2nd conduction type included by the same atomic concentration the [ resulting from the 
difference in atomic concentration ] — effectiveness is further raised for inhibiting the counter diffusion of IV 
group element — having — the [ in a luminous layer ] — the atomic concentration of IV group element can be 
maintained from a viewpoint of luminescence reinforcement to the optimal concentration, and the light emitting 
device of high luminescence reinforcement can be brought about. 

[0055] furthermore — this invention — the, since it considered as the laminating configuration in which the 
Lynn-ized boron system semi-conductor layer of the 1st or 2nd conduction type made below into the 
concentration of the boron (B) atom which occupies the Lynn (P) atom or the Lynn hole which occupies a 
boron (B) hole for the atomic concentration of IV group element is joined to a luminous layer If effectiveness is 
taken and spread on bringing about the luminous layer which may be excellent in surface surface smoothness, 
maintaining the conduction type in an undoping condition, the light emitting device which avoids the 
complicated nature which dopes an impurity which is therefore different in conduction type, and brings about 
luminescence of high intensity can be offered simple. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram of LED concerning the 1st example of this invention. 

[Drawing 2] It is a cross section in alignment with broken-line X-X' of LED shown in drawing 1 . 

[Drawing 3] It is drawing showing concentration distribution of the depth direction of the silicon atom in LED 

concerning the 1st example of this invention. 

[Drawing 4] It is the cross section of LED concerning the 2nd example of this invention. 
[Description of Notations] 

IA, 2A Laminating structure 

IB, 2B LED 

101 Substrate 

102 Buffer Coat 

103 1st Lynn-ized Boron System Semi-conductor Layer 

104 Luminous Layer 

105 2nd Lynn-ized Boron System Semi-conductor Layer 

106 Surface Electrode 

107 Rear-Face Electrode 

108 Twin Crystal 
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